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INTRODUCTION 


The results herewith presented deal with Apanteles militaris Walsh, 
‘a braconid endoparasite of the army worm (Heliophila unipuncta Haw.). 
The series of experiments on which the main part of this paper is based 
was begun on September 29, 1914, at La Fayette, Ind. They were 
carried on in the laboratory, the parasitized caterpillars being kept in glass 
vials plugged with cotton and fed fresh corn leaves as required. The 
laboratory windows were left open, so as to make conditions as nearly 
like those outside as possible. During the few cold days which were 
experienced the laboratory was heated to the normal room temperature. 
During the first two weeks in August additional records were kept of 
the time spent in the cocoon by the parasites, and in these experiments 
cocoons were kept in tin salve boxes in an outdoor insectary. On 
November 16 a series of experiments was started indoors to determine 
whether or not this species is parthenogenetic, and conclusive results 
were obtained. The caterpillars used in the experiments were raised 
from eggs unless otherwise stated. 


DESCRIPTION OF LIFE STAGES 
THE EGG 


The egg measures 0.09 to 0.10 mm. in length and 0.025 to 0.028 mm. 
in width. It is rounded at one end, more or less pointed at the other, 
and slightly curved, the rounded end bearing a distinct micropyle. 
Subsequent swelling of the egg during the growth of the embryo causes 





1 The writer wishes to acknowledge his indebtedness to Messrs. J. J. Davis and A. F. Satterthwait, of the 
Cereal and Forage Insect Field Station of the Bureau of Entomology at La Fayette, Ind., for many 
helpful suggestions and material, and to Messrs. J. A. Hyslop and G. G. Ainslie, of the Bureau of Ento- 
mology, for their interest and kindness in collecting material and data for him at their respective stations. 
He is also indebted to Messrs. A. B. Gahan and W. R. Walton, of the Bureau of Entomology, for the 
determination of specimens and for the drawings of the three larval stages, respectively. 
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the point of the smaller end to assume the appearance of a nipple-like 
prominence. 

The number of eggs laid by a single individual was not obtained, 
nor were the eggs in the abdomen counted, hundreds having been present. 


EMBRYONIC DEVELOPMENT 


The average length of the egg stage is 5% days. Individual records 
show that in some cases this may be shortened to 434 days or prolonged 
to more than 6% days. From the hundreds of developing eggs exam- 
ined it was determined that only one larva hatches from each egg. 

Development progresses rapidly within the egg. At first little can 
be distinguished, except that the egg becomes strongly curved, increases 
in size, and becomes more opaque, owing to the formation of the germ 
band. When the egg is ready to hatch it has increased in size from 
0.09 or 0.10 mm. in length to 0.66 or 0.70 mm., and proportionally in 
width. This great increase in size can possibly be explained by the 
fact that the egg is probably deficient in nutritive matter when laid 
and that this is absorbed from the blood of its host by the developing 
embryo. 

When embryonic development has progressed sufficiently to show the 
form of the embryo, this is seen to be surrounded by a single embryonic 
envelope one cell layer deep which, according to Korschelt and Heider 
(3, p. 287),' is the serosa (Pl. L, fig. 1). Whether the amniotic and 
serosal envelopes are at first separate has not been determined. Accord- 
ing to Graber’s observations on Hymenoptera, as reviewed by Korschelt 
and Heider, it would seem that the two envelopes are separate at first 
but later become indistinguishably united. At the time of hatching, 
a portion of the cells of this so-called serosal envelope are cast out at the 
poles of the egg (PI. L, fig. 2) and become a body of loose cells lying 
between the chorion and the embryo (PI. L, fig. 3), which is now tightly 
inclosed by a layer of broad, flattened cells made up of the remaining cells 
of the envelope (Pl. L, fig. 3). This rapid division apparently indicates 
that this envelope was the product of the fused amnion and serosa, which 
now separate at hatching time, the loose mass of cells being of serosal 
origin and the remaining thin envelope the amnion surrounding the 
embryo. Henneguy (2, p. 336-337), however, discusses insects that have 
only one embryonic envelope and lists among these parasitic forms, vege- 
table or animal, of the Cynipidae, Pteromalidae, and probably Ichneu- 
monidae. It will be interesting to note whether other investigators 
observe this splitting of the single embryonic envelope at hatching time. 

The mandibles can be seen forming at an early stage, and their chitini- 
zation can be seen to progress until maturity is reached at hatching time. 





1 Reference is made by number to “‘ Literature cited,” p. 506-507. 
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The mouth opens into an enlarged cavity, the pharynx, this in turn 
opening posteriorly into a very narrow esophagus, and this into the 
stomach, which is a very long, narrow, tapering tube closed posteriorly. 
There are two Malpighian vessels, which lie parallel to the stomach, 
extending anteriorly about one-half the length of the larva. 

The tracheal system has not been observed in the embryo. According 
to the observations of Weismann and Grasse, as reviewed by Korschelt 
and Heider (3, p. 334-335), the tracheal system forms early in the 
embryonic development of the Hymenoptera as compared with the 
lower forms of insects and usually contains air previous to hatching, this 
being obtained apparently from its tissues and body fluid. Seurat (7) 
states, however, from his study of A. glomeratus, that the tracheal system 
of this parasite, whose development is similar to that of A. militaris, is 
present, although he had not seen it, no doubt basing his statement on 
the fact that these organs, being ectodermal invagina- ; 
tions, are normally formed in the embryo. yy 23 

The head of the mature embryo is of one segment " Si—~a 

Fic. 1.—A panteles militaris: 


and is readily distinguished by its large size, the pres- 
A, B, C, Diagrammatic 


ence of mandibles, two small tubercle-like antenne, ae 


and the prominent brain lobes. A nervous system of 
11 ganglia, not including the subesophageal ganglion, 


is visible. The segments of the body appear to be 
10 in number, but subsequent development and 
growth in the first stage reveal 11 distinct seg- 
ments. 

The caudal vesicle, which in the larval forms is a 
large sac at the end of the body, is seen forming as 
a solid mass of long, narrow cells in the posterior 
region of the abdomen (fig. 1,@). When first seen 


sectional views of the pos- 
terior end of the embryo, 
showing how the hyper- 
trophied cells of the hind 
gut, which ultimately 
form the caudal vesicle, 
grow out through the 
anus. D shows an exter- 
nal view of this process. 
a, Mass of cells; 6, anus. 
(Original. ) 





it lies inside the abdomen, but can be seen gradually to grow out 
through the anal opening (fig. 1, b), which becomes greatly distended. 
The stomach becomes lengthened and extends outside the body into 
the vesicle, its blind end being fastened to the inside wall of the vesicle 
posteriorly and ventrally. The Malpighian tubes also extend into the 
vesicle and open through its ventral surface near the end of the 
stomach. 
HATCHING 


The embryo at the time of hatching, as previously stated, lies tightly 
inclosed in the amniotic envelope surrounded by the loose mass of serosal 
cells, the whole being surrounded by the chorion. The embryo, which 
up to this time has been curled in the egg, now straightens itself out and 
by its struggles to escape, aided by the rapid swelling of the serosal cells, 
ruptures the chorion, which has become extremely thin, owing to the 
increase in the size of the egg, and escapes into the body of its host, still 
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tightly inclosed in the layer of thin, flat cells. The serosal cells are scat- 
tered through the body of the host. The chorion shrinks and probably 
finally dissolves. The young larve are now o.7 mm. in length and start 
feeding, after cutting through the amnion in the mouth region. At this 
time the mass of cells which forms the caudal vesicle has grown out 
through the anal opening. 

THE LARVA 


First INsTAR (Pl. L, fig. 5).—The first larval instar averages 314 
days, the first molt taking place, on an average, 834 days after oviposition. 

The larva grows rapidly, increasing in length approximately from 
0.7 mm. at hatching to 3.5 mm. at the first molt. 

The head is made up of 1 segment and the body appears to have 10, 
but in subsequent growth the tenth segment divides into 2, making 11 
in all. There are no spines or hairs on the segments, except a few in the 
oral region. Owing to the rapid growth of the larva, the embryonic 
envelope in which it is inclosed becomes ruptured and gradually falls off, 
although portions of it may remain until the first molt takes place. The 
mandibles are constantly in motion, attacking the fat body of the host. 
This, together with the blood, is the food of the parasites during this 
stage and is drawn in by means of a sucking pharynx. The alimentary 
tract does not change, except to increase in size, it being still further 
lengthened as the caudal vesicle expands. 

Immediately following hatching, the slender cells of the mass which 
protrudes from the distended anal opening are compressed lengthwise, so 
that they become broad, flat cells, thus immensely increasing their 
exterior and interior surfaces, and there is formed at the end of the larva 
a large sac, the caudal vesicle, the walls of which are made up of a layer 
of broad, thin cells (Pl. L, fig. 5). The two Malpighian vessels are drawn 
out into the caudal vesicle, their relative positions being the same as in 
the embryo. 

The origin of this caudal vesicle and its functions in the two endopara- 
sitic stages will be considered later. 

The nervous system appears as in the embryo, its growth keeping pace 
with the growth of the larva. 

No tracheal system is visible during this instar. 

The heart can be seen forming in the early part of this instar. It lies 
dorsally and has nine pairs of valves, its lateral controlling muscles being 
readily seen. Anteriorly it narrows to an aorta which opens into the poste- 
rior region of the head. Instead of ending normally in the posterior 
end of the body, a rudimentary tube lying dorsally in the caudal vesicle 
connects with the heart (Pl. L, fig. 4). This tube extends posteriorly, 
opening in the dorsal posterior region of the caudal vesicle, and forms a 
channel through which the blood is sucked into the heart. When the 
heart commences to function, which it does during this stage, the blood, 
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having been drawn through the rudimentary tube into the heart, is 
there passed along by a series of wavelike motions into the head, the 
valves preventing the return of the blood. From here it circulates 
through the body in returning to the caudal vesicle, the walls of which it 
bathes before starting on a new cycle. A careful examination of the 
heart does not show that ostia are present; hence, the blood necessarily 
follows the course described above. 

The silk glands can be distinguished early in this stage and lie on either 
side of the stomach as two straight tubes which meet anteriorly in the 
head and extend to the spinneret. As the end of this stage approaches, 
these glands begin to coil, taking on a wavy appearance. 

SECOND INSTAR (PI. L, fig. 6).—The second instar averages 575 
days, terminating when the larva emerges from its host, for it molts at 
this time. During this stage the average increase in length is from 3.5 
to 6 mm., although when a great many larve are present in a host their 
size may be reduced nearly one-half. The caudal vesicle normally during 
this stage reaches the length of 1 mm. (PI. L, fig. 6). 

The head of the larva is made up of 2 segments. The anterior one 
bears a few spines about the oral region and is much smaller than the 
posterior and almost wholly retractile in it. There are no notable charac- 
ters or ornamentations on the segments of this larva. The body has 11 
segments and is at first slightly darker than the first instar, but rapidly 
becomes more so as the fat body accumulates. The mouth parts are not 
developed, nor are those of the third instar ready for use, until the larva 
is ready to emerge from its host; hence, it is seen that only the blood and 
the solid matter contained in it are used for food during this stage. In 
older forms there are 7 hyaline areas protruding on each side of the body 
lying between the segments. 

The silk glands grow rapidly, becoming more and more coiled and 
twisted, and are readily seen lying on either side of the alimentary tract, 
nearly filling the body cavity. 

The heart and the circulation of the blood are the same as in the first 
instar. 

The nervous system consists of the supraesophageal and the subesopha- 
geal brains and 11 ganglia with their branches, as in the first instar. In 
the early life of this stage the imaginal discs of the compound eyes are 
noticeable and appear to be in the first thoracic segment. ‘The exhaustive 
studies of Seurat (7) show clearly that although other authors have 
thought that a portion of the prothorax entered into the composition of 
the head of the pupa, it is formed only from the head of the larva and 
that in the larval forms a portion of the head has simply been thrust back 
into the prothorax. Ventrally in the thoracic segments the three pairs 
of imaginal discs of the legs are present, and laterally in the mesothorax 
and metathorax those of the wings can be seen. 
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The mouth, pharynx, esophagus, and stomach have approximately the 
same form and relative positions as in the first instar. Owing to the 
fact that the blood of the host is green, the stomach content of the 
parasite at first takes on a greenish brown color which finally becomes 
a deep green, similar to the blood of the host, and later, at the end of the 
stage, this again becomes greenish brown. 

During the last two days of this stage the anal opening, the diameter of 
which nearly equals that of the body, slowly contracts, and violent con- 
tractions of the longitudinal muscles of the stomach, which cause it to 
shorten, slawly draw the caudal vesicle in through the contracting anal 
opening. The Malpighian vessels are also drawn in by the contraction 
of the stomach and are now two-thirds as long as the larva. After the 
caudal vesicle has been drawn completely within the body, the anal 
opening contracts still further, and the anus is formed. 

The tenidia of the tracheal system can be seen forming soon after the 
first molt. Those of the two main longitudinals and their anterior con- 
necting branches are first visible, and there are 11 branching centers on 
each longitudinal from which arise branches sending trachee to all parts 
of the body, some even extending posteriorly into the caudal vesicle 
along the lateral walls and the stomach. Nine pairs of short, stublike 
branches are noticeable in the older larve, arising near the bases of the 
anterior nine pairs of dorsal branches of the main longitudinals. In the 
still older larve, those nearly ready to emerge, eight pairs of spiracles can 
be seen forming at the surface of the body, and these are connected with 
the first, and the third to ninth, inclusive, pairs of stublike branches 
previously mentioned, by trachez destitute of air. These become filled 
with air when the larva molts at emergence and the spiracles are un- 
covered and function. The spiracles that connect with the second pair 
of stublike branches do not form during this stage. 

After the caudal vesicle has been drawn in, the larva is ready to emerge 
from its host. The mandibles of the third instar, which are now devel- 
oped and protrude, slowly cut and tear through the muscles and skin of 
the host as the larva presses its head against the body walls of the cater- 
pillar and moves them backward and forward. When a slit has been 
made of sufficient size the larva squeezes through the opening, molting 
the previously loosened skin as it emerges. During this process the 
caterpillar lies quietly as though paralyzed. About the time the parasites 
have nearly finished their cocoons, it usually revives enough to crawl 
away. 

THIRD INSTAR (PI. L, fig. 7).—The third instar lasts from the emer- 
gence from the host until pupation, the time being approximately 24% 
days. 

The newly emerged larva is light green in color. It is covered with 
minute spines, with a number of short black spines somewhat irregularly 
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placed on the segments; also about the mouth there are a few hyaline 


“ spines. The brown-colored compound eyes are very noticeable and 
“ appear to be, as in the second stage, in the prothorax. The segmentation 
in of the body is apparent and the eight pairs of spiracles are plainly visible 
- (Pl. L, fig. 7). The mouth parts are at the extremity of the head and 


are composed of labrum, mandibles, maxilla (bearing the rudimentary 
of maxillary palpi), and the labium (bearing the rudimentary labial palpi). 
Laterally the seven hyaline protruding areas form an irregular, conspicu- 


4 ous, longitudinal ridge on either side of the body. 

" When the larva has emerged for about two-thirds of its length, it stops 
~ and commences to spin its cocoon. The silk comes from the two orifices 
ae of the spinneret situated at the base of the labium. The cocoon is spun 
al in two parts, the outer part loosely and the inner compactly. The first 


few threads spun are fastened to the ventral side of the body, after which 
ae a series of large loops are made, the silken thread being drawn out and 
fastened to the top of the loop below. These extend up the ventral side 


i laterally and over the head of the larva as far back as it can bend. The 
mm larva now draws its anal end out of the host, reverses its position in the 
le partly spun outer cocoon, and spins the remaining side and end. The 
“ inner or thin, dense cocoon is now spun by a series of long, narrow, longi- 
“ tudinal and diagonal loops. The tough silken cocoon is encircled near 
™ one end, or sometimes at both, by a thinner, narrow area, through which 
m the adult parasite easily cuts, removing a caplike portion, the end of the 
th cocoon, as it emerges. 
me At the end of the first day or the beginning of the second the connection 
*" between the stomach and proctodeum is opened and the accumulated 
ma waste is voided, being deposited at the anal end of the cocoon. When 
" pupation takes place, the last larval skin is molted and pushed to the 
anal end of the cocoon and lies over the waste. Previous to pupation, 
ge the constriction between the thorax and abdomen, which results in the 
2 © cephalization of the first abdominal segment, is distinctly seen. 
of PUPA AND ADULT 
2r- 
en The pupal stage averages from 8% to 9% days. 
ng The pupa is light cream yellow and lends the same color to the cocoon. 
he The eyes and ocelli appear as brown spots. Later, the chitin in the head 
es and thoracic region commences to darken, closely followed by that of 
wl the abdomen. When the adult becomes active in the cocoon, the pupal 
skin is kicked off, and the area of thin silk is cut through by the mandibles, 
r= the end, or cap, of the cocoon being pushed off by the emerging adults. 
y As soon as the adult is out of the cocoon, it passes a quantity of waste, 
cleans itself, and straightens and dries its wings. 
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LENGTH OF LIFE CYCLE 


The total length of the life cycle, as obtained in the series of experiments 
carried from the last of September to the last of October, averaged 25 
days. A series of experiments conducted during the first two weeks of 
August to determine the time spent by the third instar and pupa in the 
cocoon varied from 5 to 7 days, as compared with 11 to 12 days during 
September and October. This great reduction in the time spent in 
these periods of development raises the question whether or not the time 
spent in the host would not be shortened under summer conditions. 
Unfortunately, this point could not be determined; but considering that 
the duration of the larval life of the army worm varies from 20 to 30 
days, according to Slingerland (8), it seems not unlikely that the length 
of the egg and internal larval stages would vary correspondingly with 
the life of the host. 


COPULATION 


The following observations were made on these insects confined in 
test tubes and lantern-globe cages. The male pursued the female, 
caressing her with his antenne, often mounting her posteriorly and, 
thrusting his abdomen forward, bringing the ventral surface in contact 
with that of the female. Once union had taken place the male folded 
his wings and drew his legs close to his body, holding on to the female 
solely by his genitalia. It was noticed that in the case of a number of 
males and females confined in test tubes for several days, copulation 
continued to take place day after day with unabated vigor. 


OVIPOSITION 


The parasite apparently recognizes the host on touching it with its 
antenne, and following such recognition the ovipositor is bent beneath 
the thorax, sometimes slowly but usually quickly, and is then rapidly 
thrust into the caterpillar. This being done, the parasite folds its wings 
and draws its legs up close to its body, holding on to the caterpillar 
solely by its ovipositor, this no doubt being done to protect itself from 
the attacks of its host. During the process of oviposition the caterpillar 
may throw itself about violently, but rarely dislodges the parasite. 

Of the number of apparent ovipositions in larve of the third, fourth, 
and fifth stages, one-sixth of those which took place in the third, one-fifth 
of those in the fourth, and one-half of those in the fifth stage were unsuc- 
cessful. Usually the parasite larve emerge after the caterpillar is full 
grown, as observed in the case of larva collected in the field and those 
parasitized in the laboratory under artificial conditions, but in one 
instance where the parasite oviposited in a caterpillar of the third stage 
the parasite larve issued during the fifth stage. 

Parasites readily attempted to oviposit in caterpillars of the fifth and 
sixth stages, but were apparently unsuccessful, on account of the tough- 
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ness of the skin, except in newly-molted fifth-stage larve. In such cases 
they would run along the back of the host, jabbing with the ovipositor 
but never succeeding in puncturing the skin. 

The eggs, when dissected from the body of a caterpillar immediately 
following oviposition, are found to be separate. 

Oviposition in the field under natural conditions resulted in the 
following numbers of cocoons collected from single hosts: 56, 90, 71, 
79,90, 7,113,and 66. Inthe laboratory from 8 to 72 eggs were deposited 
in one oviposition of less than one second, and in one case of four ovipo- 
sitions 210 eggs were deposited in the same host. The extreme rapidity 
of oviposition is apparently due to the activity of the caterpillar, which 
usually immediately recognizes its enemy, rapidly smearing her with 
saliva and often biting her. 


PARTHENOGENESIS 


During November and December a number of experiments were con- 
ducted in the laboratory to determine whether parthenogenesis takes 
place. Unfertilized females were obtained from separate cocoons and 
were allowed to oviposit in small caterpillars, which they readily did. 
Males emerged from all the cocoons of A. militaris originating from these 
caterpillars, clearly showing that this species is parthenogenetic and 
indicating that unfertilized females give rise to a generation of males. 


FEEDING EXPERIMENTS AND LONGEVITY 


Adults which emerged on August 14 were confined in a lantern-globe 
cage in which grass was growing. They were fed on a mixture of honey 
and water, this being sprayed in minute droplets on the grass and walls 
of the cage. The adults were of both sexes and were kept alive for some 
time, the last one dying on September 1. 

One female used in oviposition experiments was kept alive for eight 
days in a test tube, being fed honey, and another under the same condi- 
tions lived for seven days. 

On November 6 and 7 a large number of newly emerged males were 
confined and fed in two lantern-globe cages indoors, as described above. 
These males were not allowed to copulate, and many lived until the first 
of December, the last dying on December 9 and 1o. 


WINTERING FORMS 


All attempts at this station (La Fayette, Ind.) to winter this parasite 
under various conditions while in the cocoon have been unsuccessful. 
Mr. G. G. Ainslie, stationed at Nashville, Tenn., found this year (1915) 
that the army worm passed the winter there as young larve and, further, 
that specimens under observation were parasitized in the fall, for the 
parasites completed their growth and emerged this spring. Again, 
according to Gibson (1, p. 27), the army worm winters in Canada as 
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young larve beneath tufts of grass. Considering the data at hand, the 
theory is advanced that in the North the parasites winter as partly 
developed forms in immature larve, while in the South they no doubt 
also winter while in the cocoon. 


ORIGIN AND FUNCTION OF THE CAUDAL VESICLE 


The following is a summary of the results of the studies of Weissenberg 
and Seurat, together with the observations made by the writer, on the 
origin and function of the caudal vesicle, obtained mainly from experi- 
ments with hymenopterous endoparasites. 

As Seurat’s (7) and Weissenberg’s (9) papers both deal with A. 
glomeratus, the caudal vesicle of which originates and functions identi- 
ically as does that of A. militaris, the results of their studies are appli- 
cable to A. militaris. Weissenberg’s paper, being the more exhaustive 
and, in addition, containing studies of the larva of this parasite in 
comparison with others less highly specialized, is used as a basis for this 
summary. 

Observing the beginning of growth and the subsequent expansion of 
the caudal vesicle, the writer supposed that the entire proctodeum 
evaginated and turned inside out, but the careful histological studies of 
A. glomeratus by Weissenberg show that only a portion of the procto- 
deum through rapid growth becomes specialized to form the vesicle, 
while the remainder becomes temporarily atrophied. According to 
Weissenberg, the vesicle is formed by the rapid growth and elongation 
of the cells of the proctodeum which form the posterior end of the plug 
at the posterior end of the stomach, together with those adjacent cells 
at the anterior end of the proctodeum which surround the opening of the 
larval Malpighian tubules and extend posteriorly a short distance to the 
rudiments of the adult Malpighian tubules. The mass of elongated cells 
thus formed grows out through the anal opening of the embryo, and 
immediately following hatching these elongated cells are compressed 
lengthwise, so that their long axis becomes their short one, resulting in 
broad, flat cells joined edge to edge to form the thin wall of the caudal 
vesicle. During the rapid growth of these cells in the pyloric region the 
remainder of the proctodeum becomes atrophied and stays so until the 
caudal vesicle is drawn in. At this time parts specialized for endo- 
parasitic life are reduced, and the atrophied parts grow rapidly, the 
whole approaching the normal proctodeal development of a free-living 
hymenopterous larva, previous to pupation. 

Weissenberg next compares the origin and cellular structure of the 
caudal vesicle of A. glomeratus with that of the caudal appendage of the 
endoparasitic larval form of an undetermined species of Macrocentrus, 
and shows them to be homologous. In Macrocentrus sp., however, the 
cells always remain as a mass of long, slender cells protruding through 
the anal opening, a vesicle never being formed. The early stage of the 
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species of Macrocentrus studied was equipped with a tracheal system, 
while the corresponding stage of A. glomeratus was not. The conclusion 
is drawn that the vesicle functions as a blood gill in A. glomeratus, since 
all the blood necessarily pours through this vesicle, bathing its walls, 
while in Macrocentrus sp., which possesses a tracheal system, such an 
adaptation is not necessary. 

An unknown species of the genus Limmneria, parasitic on Plutella 
cruciferarum Zell., is next introduced for comparison by Weissenberg. 
In this parasite the portion of the proctodeum homologous with those 
of the two preceding larve discussed is not so well developed, for while 
pseudopod-like structures extend into the anal lumen, they do not pro- 
trude through the anal opening, which, however, is nevertheless very 
large. In this species it is clearly shown that the cells of these pseudopod- 
like structures completely correspond histologically with those of the 
larval Malpighian tubules. In a similar manner these specialized por- 
tions of the proctodeum of the two species last discussed are reduced 
and the portions retarded grow rapidly, approaching the normal procto- 
deal development of free-living larve before pupating, the normal proc- 
todeal development of Hemiteles fulvipes, an ectoparasite of A. glom- 
eratus, being used in comparison to illustrate this. 

In the last analysis it is seen that the cells of these proctodeal append- 
ages of the three endoparasitic larve considered are histologically allied 
with the cells of the larval Malpighian vessels, and with this in mind 
Weissenberg brings out clearly the idea that these proctodeal organs 
have also an excretory function and credits Kulagin (4, 5) with first 
suggesting this from results obtained from his injection experiments. 
Weissenberg further thinks that the excretory apparatus has undergone 
a superficial enlargement, owing to the active metabolism characteristic 
of this group, and that as excretory products in general are poisonous, 
it would seem natural to find here an adaptation by which they can be 
eliminated. His concluding argument is that in A. glomeratus, Macro- 
centrus sp., and Limneria sp. the development of the larval Malpighian 
vessels forms an ascending series, they being only rudimentary in A. 
glomeratus in comparison with the well-developed ones found in Limneria 
sp., while the proctodeal adaptations form a descending series, being 
most highly specialized and developed in A. glomeratus and only partly 
so in Limneria sp. 

From the facts presented above and this study of A. militaris, the 
author concludes that the caudal vesicle is primarily an excretory organ 
and that the function of respiration is secondary. The following observa- 
tions seem still further to strengthen this conclusion. The caudal vesicle 
functions from approximately the beginning of feeding to its close, and the 
portion of the first skin molted which covers the vesicle becomes greatly 
swollen in the second stage with a liquid content until finally it is ruptured. 
Further, the food of the larva is mainly the already digested solid parts 
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of the blood of the host, these being retained in the stomach during 
endoparasitic life, while the liquid parts, which are in excess, together 
with the by-products of anabolism and katabolism formed in the body 
of the rapidly developing larva, are eliminated by means of this enlarged 
adaptive excretory organ, which is bathed by the blood at each cycle. 
These by-products are doubtless eliminated from the body of the host, 
as are its own, by the Malpighian vessels. The caudal vesicle no doubt 
respires, this action taking place by osmosis, as is generally considered to 
be the case in endoparasites having a closed tracheal system. Whether res- 
piration is more rapid through the walls of the caudal vesicle or whether 
they are especially adapted for it can not be positively stated, although 
Weissenberg, as stated previously, thinks that the vesicle functions as a 
blood gill. Again, that this portion of the body wall of the larva is 
apparently the thinnest and least chitinized is quite evident; therefore, 
it would not seem unreasonable to suppose that respiration takes place 
to a large degree through this area and that the air is carried mechanically 
throughout the body of the larva by the blood and is taken up from it 
to fill the closed tracheal system when it develops in the second instar. 

Seurat’s theory (7) that the essential function of the caudal vesicle is 
that of locomotion is no doubt incorrect, for careful observations of the 
movements of the larva show that the vesicle, because of its large size, is 
actually a hindrance to the larva in moving about in its host. Weissen- 
berg (9) has also shown that the caudal vesicle is not homologous with 
the tail-like organs generally considered to be locomotor appendages 
which occur in various endoparasites, for both these organs are present 
in the larva of Macrocentrus sp. studied. 

An additional point brought out by Weissenberg is that the caudal 
vesicle is an adaptation of the biophagous larva for its mode of life, for 
the necrophagous larva does not have it, and these adaptations arise from 
a biophagous mode of life in contrast with the necrophagous rather than 
from an endoparasitic life in contrast with an ectoparasitic life, as has 
been previously supposed. 
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PLATE L 
Apanteles militaris: 


Fig. 1.—Diagrammatic drawing showing the embryo inclosed by the fused amniotic 
and serosal envelopes. as, Fused envelopes; c, chorion; cv, caudal vesicle; h, head. 

Fig. 2.—Diagrammatic drawing showing the fused envelopes dividing into their 
two parts, the serosal cells being grouped at each pole. a, Amnion; c, chorion; cv, 
caudal vesicle; h, head; s, serosal cells. 

Fig. 3.—Diagrammatic drawing showing the egg ready to hatch, the serosal cells 
having become a loose mass and the embryo straightened out in the egg. a, Amnion; 
c, chorion; cv, caudal vesicle; h, head; s, serosal cells. 


Fig. 4.—Diagrammatic drawing of the larva during its first molt. 6, Brain lobes; 
cv, caudal vesicle; h, head; ht, heart; m, molted skin; mp, Malpighian tubes; 0, esoph- 
agus; p, pharynx; sg, silk glands; st, stomach; arrows indicate the blood cycle; ?, 
rudimentary tube in the caudal vesicle connecting with the heart. 

Fig. 5.—First instar. cv, Caudal vesicle. 

Fig. 6.—Second instar. cv, Caudal vesicle. 

Fig. 7.—Third instar, showing the position of the spiracles and the caudal vesicle 


withdrawn. 
(508) 
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RESPIRATION EXPERIMENTS WITH SWEET POTATOES 


By HEINRICH HASSELBRING and Lon A. HAwKINs, 


Plant Physiologists, Drug-Plant, Poisonous-Plant, Physiological, and Fermentation 
Investigations, Bureau of Plant Industry 


INTRODUCTION 


In 1882 Miiller(7),' in the course of his classical researches on the accu- 
mulation of sugar in plant organs at low temperatures, observed that 
potatoes (Solanum tuberosum) which had been kept for a time at 0° C., 
and whose sugar content had in consequence been greatly increased, 
respired much more energetically than potatoes of lower sugar content. 
Even before the experiments of Miiller, a number of analogous facts 
were known, all indicating that the respiratory energy of plants is a 
function of their carbohydrate content. Thus, isolated rootlets and 
seedlings deprived of their cotyledons show a rapid decrease in their 
respiration on account of the lack of plastic material normally furnished 
by the cotyledons (12). In etiolated seedlings the respiration curve 
rises at first as the food substances in the cotyledons or endosperm 
become available, and after passing a maximum falls gradually with the 
exhaustion of the food reserve (6, 11). The respiration of isolated leafy 
shoots kept in the dark sinks rapidly also, but if such shoots are exposed 
for a time to sunlight their respiration is considerably increased (1, 2). 
So also, if the carbohydrate content of etiolated leaves, shoots, or seed- 
lings is increased by an immersion of the parts in sugar solutions, respira- 
tion is greatly stimulated, although Palladine attributes the increased 
respiration partly to the formation of active proteins produced under 
conditions of favorable carbohydrate nutrition (5, 8, 9). 

Since the sugar content of sweet potatoes (/pomoea batatas) changes 
greatly in storage, it appeared not unlikely in view of the foregoing facts 
that their respiratory activity would show corresponding changes at 
different seasons. The experiments described in the following pages 
were performed in order to ascertain whether any such correlation exists 
between the seasonal changes in the sugar content of sweet potatoes 
and their respiratory activity, and incidentally to determine if possible 
whether the monosaccharids or the disaccharids of the sweet potato 
furnish the chief nraterial for respiration. The roots were taken from 
the lots stored for experimental purposes under the conditions described 
by the writers in a former paper (4). The details are given in connection 
with the descriptions of the individual experiments. The respiration 





1 Reference is made by number to “ Literature cited,” p. 517. 
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experiments were all carried out at 30° C. This temperature was chosen 
in order to study the respiration of the sweet potatoes under conditions 
similar to those to which the freshly dug roots are subjected during the 
curing process, which consists essentially in keeping them at a tem- 
perature in the neighborhood of 30° C. for about 10 days. 


EXPERIMENTAL METHODS 


The methods employed in the experiments require but little descrip- 
tion. The sweet potatoes were placed in a large receptacle in an 
ordinary water-jacketed incubator, which was kept at a temperature 
of 30° C. A current of air having the same temperature and freed 
from carbon dioxid was drawn through the receptacle at the rate of 
40 to 50 liters per hour. The carbon’ dioxid of respiration was collected 
in approximately one-half normal potassium-hydroxid solution, whose 
titre for pure potassium hydroxid had been determined. The absorp- 
tion was effected by means of Reisette flasks. At the end of every 24- 
hour period the carbon dioxid in the Reisette flask was precipitated by 
means of an excess of barium chlorid, and the residual potassium hydroxid 
was determined by titration with normal or half-normal hydrochloric 
acid. 

About 2 to 3 kgm. of sweet potatoes were used in each experiment. 
At the beginning of the experiment the sugar content was determined 
in a collateral sample of 3 to 4 kgm. from the same lot. At the end of 
each experiment all the sweet potatoes which had been used for that 
experiment were ground and sampled for determinations of sugar and 
moisture. The figures giving the sugar determinations are averages of 
five samples from each lot. The directly reducing sugar was calculated 
as glucose. The soluble carbohydrates yielding reducing sugar after 
inversion were calculated as cane sugar, which is the most abundant 
disaccharid present in the sweet potato. Jersey Big Stem sweet potatoes 
were used in all the experiments. 


EXPERIMENTAL DATA 


The results of all the experiments are collected in Table I. The 
percentages of total sugar (as glucose), cane sugar, and reducing sugar 
(as glucose) in the collateral sample taken at the beginning of each 
experiment, and in the experimental sweet potatoes at the end of the 
experiment, are given at the head of the table. These figures were in 
each case calculated for sweet potatoes of the water content of the 
collateral sample—i. e., the assumed original water content of the 
experimental sweet potatoes. The carbon-dioxid output is given in 
milligrams per kilogram per hour for each day. In the calculation the 
loss of weight of the sweet potatoes during the experiment was taken 
into consideration and was distributed uniformly over the period. At 
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the end of Table I is given the gain or loss of reducing sugar, calculated 
from the analytical data, and the glucose equivalent of the total carbon 
dioxid generated during each experiment, as actually determined. The 
percentages of reducing sugar in the sweet potatoes at the end of each 
experiment, without correction for changes in water content, were as 
follows: First experiment, 1.24 per cent; second, 1.22 per cent; third, 
1.39 per cent; fourth, 0.91 per cent; fifth, 0.71 per cent; sixth, 0.67 
per cent; seventh, 0.69 per cent. The experiments themselves will be 
described individually. 


TABLE I.—Composition and carbon-dioxid output of sweet potatoes at different times of 
the year 





Exper-| Exper-| Exper-| Exper-| Exper-| Exper-| Exper- 
iment | iment | iment | iment | iment | iment | iment 
Item. Period. 1, Oct. | 2, Nov. | 3, Dec. | 4, Jan. | 5, Mar.| 6, Apr. | 7, June 
a1to 7 to 9 to 4to 26 to 16 to 1 to 

Nov. s. |Nov. 17.| Dec. 19. Jan. r5.| Apr. 5. |Apr. 26.|June rz. 





Total sugar (as glu- is t neeing of exper- 2.62 5. 80 8.99 6. 22 7-03 7-41 7-30 
cose), per cent. Pe r- a ‘ot experiment..| 5.38] 5-08| 842| 582| m45| 740 7.20 


At :Soeetne of exper- 1. 60 3-42 6. 58 4-63 5-82 6.17 6.08 
Cane sugar, per cent.. 






































At ye ot experiment..| 3.95 3-72 6. 74 47% 6. 42 6. 41 6. a 
. At beginning of exper- +94 2.21 2.06 1-35 +90 -92 +90 
Reteene sugar, per | Seeast 
’ Atend ofexperiment..| 1. 23 1. 18 1.35 87 +70 - 67 - 68 
|| SSE» 27-7 73-9 | 138.2 49-1 50-9 46. 6 47-5 
ad day....... 24-9 82.1 | 144-9 56.0 44.9 49-4 42-4 
3d day... --| 365 70.9 | 116.4 54-1 47-0 48.4 43-4 
4th day.. 35:7 60.0 | 101.8 48-4 46.8 46. 4 46.2 
r= » Af 37 : 51-8 | 929 48. 2 47-5 43-3 42-9 
; : ay 3t 45-9 | 904 | 440 | 47-0 | 420 43-1 
Daey mee pots seer 7th day 41-7 40 4 84.9 42.6 46.1 42.1 7 
mgm. per kem. per 8th day 34-3 | 391 83.3 40-7 | 465 | 3%3 42.2 
hour oth day 31.6 34.8 76. 7 39-8 44-9 40. 8 41.0 
: roth day 29. 8 32-8 19-9 38-9 41.1 39-3 
11th day WENGE. \UiduicNecbemacaned MEUM Liaakensclevcceneatraenutne 
tath day CE Radin s csphs etas vddbash cecuch: cédcdcsbiantaeneuenvone 
13th day MOH Phadsccuacbicsudvealeny<ksaciheavedcstanencekaberaed des 
14th day sD  Didstasculs tasieo<cbebousnwcdesnteeas rs oe 
15th day SD. Wis cab cctdesbaceoaubnds checchonssccusbiseesentiessens 
Incretmemt im fede |.....cccccsssscccceccces 9-77 |\—31- 69 |—17.35 |—10.03 |— 3-40 |— 5.14 | — 2.50 
ing sugar calculated 
from the analytical 
data, gm. | 
Loss of reducing sugar ]............eseeeeeeees 27-45 | 25-85 | 35-18] 15-80] 11-73 | 13-41 7-33 
equivalent to the | 
carbon dioxid 
evolved, gm. 








EXPERIMENT 1.—In this experiment 3,576.5 gm. of sweet potatoes 
were used. These were dug on October 20. The experiment was 
begun on the following day and continued until November 5. During 
that period the cane-sugar content rose from 1.60 to 3.95 per cent and 
the invert-sugar content from 0.94 to 1.23 per cent. The respiration 
rose somewhat during the first half of the period and then fell to a 
nearly uniform rate of approximately 28 mgm. per kilogram per hour. 
The rise at first, which was observed in nearly all the other experi- 
ments also, may in part be attributed to the rise of the temperature of 
12572°—15——2 
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the sweet potatoes when they were put into the incubator. Although 
there is a marked increase in both cane sugar and reducing sugar in 
the sweet potatoes, there is no evident general rise in the respiratory 
activity corresponding to the increase in the sugar content. During 
the course of the experiment the equivalent of 27.45 gm. of glucose 
was given off by the sweet potatoes as carbon dioxid, yet during this 
period 9.77 gm. of reducing sugar accumulated in them. The loss of 
weight of the sweet potatoes was 77 gm. 

EXPERIMENT 2.—The sweet potatoes used in the second experiment 
were of the same lot as those of the first, but they had stood in the 
laboratory at a temperature of about 20° C. until November 7. The 
weight of the roots used for the experiment was 3,029.8 gm. The loss 
of weight was 138.8 gm. The percentage of cane sugar rose slightly, 
but the reducing sugar fell from 2.21 to 1.18 per cent. The respira- 
tion was high at first and fell gradually, apparently with the decreas- 
ing percentage of reducing sugar. It is clear that if in this case the 
lowering of the respiratory activity is due to the decrease of sugar, the 
effect must be wholly attributed to the change in the invert-sugar con- 
tent, since the cane sugar, so far as may be judged from the analysis 
of the collateral sample, remained stationary or even rose slightly. The 
changes in the quantity of reducing sugar in these sweet potatoes are 
of special interest, for here the quantity of reducing sugar lost, accord- 
ing to calculations based on the analytical data, is greater than that 
lost through respiration as calculated from the quantity of carbon 
dioxid evolved. It seems, therefore, that a portion of the reducing 
sugar was used for other processes than respiration, possibly for the 
production of cane sugar. 

EXPERIMENT 3.—The sweet potatoes used in the third experiment 
had been subjected to the regular curing process and had thereafter 
been kept in cold storage at a temperature of 6° to 7° C. from Novem- 
ber 8 to December 9. The roots used in the experiment weighed 2,207.2 
gm., and their loss of weight was 184.2 gm. As a result of the expo- 
sure to low temperature, the sugar content of these sweet potatoes was 
higher than of those used in any of the other experiments. The respira- 
tion of these chilled roots was also very high, but sank rapidly toward 
the end of the experiment. The quantity of reducing sugar equivalent 
to the carbon dioxid evolved in respiration was greater than the appar- 
ent decrease calculated from the analytical data. 

EXPERIMENTS 4, 5, 6, AND 7.—The remaining experiments all present 
a certain uniformity and may be described together. The sweet potatoes 
used in these experiments were cured in the usual manner and were 
thereafter stored at a temperature of 12° to 15° C., until the dates on 
which they were used. The weights of the sweet potatoes used in the 
different experiments were 1,984, 1,577.5, 1,898.5, and 1,054.5 gm., 
respectively. The corresponding losses were 143, 56.5, 59.3, and 40.8 
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gm. The sugar content of these lots was remarkably uniform. Only 
the lot used in the fourth experiment was lower in cane sugar and higher 
in reducing sugar than the rest. In spite of this difference, the respira- 
tion in all cases was practically the same, beginning in the neighbor- 
hood of 50 mgm. per kilogram per hour and falling to about 40 mgm. 
toward the end of the experiments. In all cases the glucose equivalent 
of the carbon dioxid generated was higher than the loss of reducing 
sugar calculated from the analytical data. 


DISCUSSION OF RESULTS 


A comparison of the sugar content of the sweet potatoes in the differ- 
ent experiments with the respiration of the roots shows that no general 
correlation is evident between the total sugar content and the respira- 
tory activity. It is true, indeed, that the roots having the highest sugar 
content (third experiment) also had the highest respiration, but these 
sweet potatoes had been subjected to low temperature for a month, and 
it is likely that such treatment induces other changes than those indi- 
cated by the carbohydrate transformations, for sweet potatoes thus 
treated become subject to the attacks of certain fungi which ordinarily 
do not readily invade the tissues. Moreover, it appears from experi- 
ments of Palladine (10) that, with a plentiful supply of carbohydrates 
present, plant organs which have been exposed for a time to low tem- 
perature respire more energetically when brought into a high tempera- 
ture than those which have been continually kept at the higher tem- 
perature. Furthermore, the carbon-dioxid production in the third 
experiment fell off rapidly until it was no greater than that at the 
beginning of the second experiment, but the total sugar content of the 
sweet potatoes in the third experiment remained at all times much 
higher than that of the roots in the second experiment. The other 
experiments also show no correlation between the total sugar content of 
the sweet potato and the respiratory activity. Thus, the roots in the 
second experiment were low in total sugar, but had a high respiration, 
while those in the fifth, sixth, and seventh experiments had a compara- 
tively high sugar content and low respiration. It is possible that irregu- 
larities in the size and shape of the sweet potatoes might account for 
differences in respiratory activity, but these sources of error were avoided 
as far as possible by the selection of fairly uniform roots. It is therefore 
unlikely that great differences in respiratory activity can be attributed 
to these factors. 

While there appears to be no evident correlation between the total 
sugar content and the respiratory activity, the case is different when the 
reducing sugar alone is considered. Here there is evidence of a general 
parallelism, which, however, is easily obscured by other factors. This 
correlation is perhaps most clearly brought out by the gradual fall of the 
respiration, with the disappearance of the reducing sugar in the indi- 
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vidual experiments. The first experiment, however, is in marked con- 
trast to the others in this respect, for, although the sugar content of these 
sweet potatoes rose from 0.94 to 1.23 per cent, there was no corresponding 
rise in the respiration. The parallelism between the respiration and the 
sugar content is less marked when the different experiments are com- 
pared. Thus, the roots in the second experiment contained approxi- 
mately the same percentage of reducing sugar as those in the third, yet 
the respiration was much lower in the second. This fact, as has been 
pointed out, may probably be ascribed to the treatment to which the 
sweet potatoes had been subjected before the experiment. It is evident 
on the whole that the respiratory activity of the sweet potatoes is as 
greatly influenced by seasonal changes and environmental factors to 
which they have been exposed as by the sugar content. It is clear, of 
course, that with the exhaustion of the carbohydrates immediately 
utilized in respiration, the rate of respiration will fall, as in the case of 
seedlings grown continually in the dark, but it seems that an increase 
of the available carbohydrate supply does not necessarily entail a con- 
tinued increase in the respiratory activity. That there is sufficient sugar 
present in sweet potatoes, as well as in plant organs generally, to support 
a more active respiration than usually takes place, is shown by the 
increased respiration as a result of wounding. Table II gives the carbon- 
dioxid output per kilogram per hour of two lots of sweet potatoes for a 
short period before and after they were split lengthwise. 


TABLE II.—Carbon-dioxid output in milligrams per kilogram per hour of two lots of 
sweet potatoes for a short period filets and after being split lengthwise 





Before roots were split. | After roots were split. 





Output Output Output Output 
of carbon of carbon of carbon of carbon 
dioxid at dioxid at ‘ dioxid at dioxid at 

eS. 30°C. s°C. 30°C. 





M Mgm. Mgm. Mgm. 
42.7 " 60. 0 
39. 2 . 50. 8 
36. 3 : 52.7 
35-4 . 70. 7(?) 
32. 8 . 56. 4 
29. 8 , 54-5 

: 52. 5 
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The great increase in respiration after the sixth day, when the roots 
were split, shows that there was sufficient sugar present to support a 
more energetic respiration than that which took place in the whole roots, 
but that other limiting factors than the sugar supply determined the 
rate of respiration. 

In the consideration of the question of the relative availability of the 
monosaccharids and the disaccharids as sources of material for respira- 
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tion, a certain allowance should perhaps be made for the nonconformity 
of samples, since the sugar content of the sweet potatoes at the beginning 
of each experiment was necessarily determined in collateral samples. 
Nevertheless, two facts appear evident. During the course of the ex- 
periments there was no diminution, but, on the contrary, an increase, in 
the quantity of cane sugar present in the sweet potatoes, while there 
was a marked decrease in the reducing sugar in all the experiments 
except the first. 

The rise in the cane-sugar content of the sweet potatoes is most 
marked in the first experiment, but in this case the rapid change is simply 
an example of the generally observed manifestation that the sugar con- 
tent of sweet potatoes is low while they are in the ground and rises 
rapidly immediately after they have been dug. In all the other experi- 
ments, although the increase is small (from 0.08 to 0.6 per cent), the 
differences all point in one direction. It seems clear, therefore, that 
there was at any rate no decrease in the cane-sugar content of the sweet 
potatoes during the course of the experiments. 

This fact indicates that at 30° C. the cane sugar is reformed as rapidly as 
it is used for respiration or that it does not function in the respiratory 
processes, at least while other carbohydrates are present in abundance. 
Which of these possibilities occurs can not with certainty be determined 
from the data. A number of relative facts, however, seem to point toa 
rather high degree of stability of the cane sugar in the sweet potato, in 
so far as the processes of respiration are concerned. It has been found 
as the result of many analyses that at low temperatures (5° C.) there is 
an extensive accumulation of cane sugar in the sweet potato and that 
this increase of sugar takes place at the expense of the starch, which 
disappears correspondingly. At higher temperatures (15° to 20° C.) the 
accumulation of cane sugar is much less extensive and, in fact, does not 
proceed beyond a certain maximum, which, during the season’s storage, 
is reached in March or early April. After the period of sugar formation 
the starch content of the sweet potatoes remains fairly constant, for the 
quantity of starch which disappears in respiration compared with the 
quantity used in the formation of sugar is so small that in view of indi- 
vidual differences among sweet potatoes and the errors of manipulation 
it has not been possible to determine the changes in starch content in 
connection with respiration in experiments carried on for short periods 
of time. 

These facts seem to indicate that at higher temperatures the produc- 
tion of cane sugar is depressed. We should therefore expect that if 
sweet potatoes which have been stored at 15° to 20° C. until the cane- 
sugar content has attained an equilibrium (March to April) are subjected 
to a temperature of 30°, the production of cane sugar would be still 
further retarded or even inhibited. At the same time the rate of respira- 
tion is accelerated. 
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If no more cane sugar is formed and its utilization is hastened, we 
should expect a reduction in the quantity of cane sugar, at least in the 
experiments at the end of the season, if that substance is used in respira- 
tion. Such a reduction, however, occurs neither at the end of the 
season nor at any other time. It appears not unlikely, therefore, that 
the cane sugar in the sweet potato is relatively stable, with respect to 
the respiratory processes. 

Although there was no diminution of cane sugar in the sweet potatoes 
used in these experiments, there was a marked decrease in the reducing 
sugar in all cases except the first. The first experiment, in which freshly 
dug roots were used, is exceptional for the reason mentioned above. 
It shows that in freshly dug roots the processes of sugar formation are 
so rapid that even at 30° C. sugar is formed faster than it is used in respira- 
tion. In this instance an amount of carbon dioxid equivalent to 27.45 
gm. of glucose was evolved during the experiment, and in addition to 
this there was an increment of 9.77 gm. of reducing sugar, as calculated 
from the percentages present in the sweet potatoes at the beginning and 
at the end of the experiment. In all the other experiments there was a 
decrease of reducing sugar—i. e., the quantity of reducing sugar which 
had accumulated while the sweet potatoes were stored at low tempera- 
tures was diminished when the roots were subsequently exposed to a 
higher temperature. It is reasonable to infer that the sugar was utilized 
in respiration, but it will be observed that in all but the first and second 
experiments the loss of reducing sugar calculated from the percentages 
at the beginning and at the end of the experiments accounts only for a 
portion of the sugar equivalent to the quantity of carbon dioxid evolved. 
The deficiency is no doubt made up by the transformation of starch, for, 
as Deleano (3) found in the case of grape leaves cut from the vines, the 
starch functions readily in the respiratory processes. In the sweet 
potato the starch appears to be even more readily available than the 
cane sugar. In the second experiment, where the invert-sugar content 
was high at the beginning of the experiment, a synthesis of other carbo- 
hydrates may perhaps be assumed. 


CONCLUSIONS 


The experiments described in this paper seem to indicate that there 
is no general correlation between the total sugar content of the sweet 
potato and its respiratory activity. A simultaneous decrease in the 
reducing-sugar content and the respiratory activity of given lots of roots 
indicates a correlation between reducing-sugar content and respiration, 
but seasonal changes and environmental conditions to which the sweet 
potatoes have been previously subjected tend to obscure any such corre- 
lation in different lots. Experiments with wounded roots indicate that 
the sugar content is not the limiting factor in the respiration of the 
sweet potato. The reducing sugars are the immediate source of respira- 
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tory material. The cane sugar is relatively stable in the sweet potato, 
and when once formed it does not appear to be readily utilized in the 
process of respiration, while starch and other carbohydrates are present 
in abundance. 
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CHERRY AND HAWTHORN SAWFLY LEAF MINER 


By P. J. Parrott, Entomologist, and B. B. FuLton, Assistant Entomologist, New 
York Agricultural Experiment Station, Geneva, N. Y. 


INTRODUCTION 


The existence in the State of New York of a leaf miner attacking 
cherry (Prunus spp.) foliage was brought to the attention of the Experi- 
ment Station by the receipt of affected foliage during the latter part of 
June, 1910. An examination of the orchard from which the material 
had been collected showed that more or less of the leaves on nearly all 
of the trees of a variety known as English Morello had shriveled and died, 
while here and there were others with well-defined light-colored areas or 
blisters, revealing a loss of chlorophyll. Siftings of earth from beneath 
the trees showed that the causal agent was the larva of a species of 
sawfly. A number of these were carried through successive stages of 
development to the following year, when adults were obtained. Some 
specimens were forwarded to Dr. A. D. MacGillivray, formerly of Cornell 
University, who reported that the insect represented a new species, the 
type of a new genus, and should be recorded as Profenusa collaris. The 
information was also given that the creature had been reared from the 
hawthorn (Crataegus spp.). 


HOST PLANTS OF SAWFLY LEAF MINER 


According to present knowledge, the host plants of the sawfly leaf miner 
are the cherry and the hawthorn. Of the cherries, it has so far largely 
confined its attacks to the English Morello variety. It is not commonly 
observed with the Montmorency or Early Richmond, which would indi- 
cate that its presence on these varieties is accidental and occurs when 
they are grown in proximity to the English Morello. The susceptibility of 
one fruit and the apparent unattractiveness or resistance to the insect 
of the other fruits is a curious fact, since all are cultivated varieties of 
the same cherry, Prunus cerasus, and plantings of each kind, growing 
side by side, may be frequently observed in this State. The two sorts, 
Montmorency and English Morello, represent groups of cherries which 
vary more or less in both tree and fruit but have a constant difference 
only in a single character—the juice in the fruits of one is colorless; in 
the other it is red. This sharp discrimination on the part of the sawfly 
leaf miner seems all the more anomalous when considered in the light of 
its extreme partiality to the foliage of certain hawthorns which are only 
remotely related to the cherry. 
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In its attacks on hawthorns the leaf miner tunnels the foliage in the 
same manner as that of the cherry. During the course of our studies it 
has been very evident that the pest is more destructive to certain species 
of Crataegus than it is to the English Morello cherry. As has been rarely 
observed in the case of the latter plant, one may find as many as five 
larve mining a single leaf. With hawthorns having a relatively small and 
narrow leaf, as C. geneseensis, there may be an entire destruction of the 
pulpy tissue, in which event all that remains of the affected leaf is the 
epidermis, which dries up and ultimately falls to the ground. At the 
height of an attack, which occurs when the larve are reaching maturity, 
hawthorns which are much infested take on a brownish cast and appear 
as if struck by a blight or swept by fire. In decorative plantings the 
destructive work of the insect may assttme such a character that the 
attractiveness of certain species of hawthorns as ornamental shrubs is 
seriously marred. 

About Geneva the sawfly leaf miner is most common in the foliage of 
an unidentified hawthorn belonging to the Medioximae group, while 
such species as C. pedicellata and C. punctata, growing in the immediate 
vicinity of the former, have so far shown little or no injury and are gen- 
erally exempt from attack. Dr. C. S. Sargent, Director of the Arnold 
Arboretum, writes that the insect has become established in the plant- 
ings of Crataegus spp. and that it is especially destructive to hawthorns of 
the crus-galli group and to C. nitida, C. rotundifolia, C. pruinosa, and other 
species. Similar conditions exist at the New York Botanical Garden 
and, as elsewhere, certain species of Crataegus are quite badly infested, 
while a few species have so far been free from attack. 

In the public parks at Rochester, N. Y., notably Genesee Park, the 
insect has in recent years become a serious pest. Hawthorns represent- 
ing a wide range of species and grown in extensive numbers feature promi- 
nently in certain landscape plantings. In these the sawfly leaf miner 
has become established, and its destructiveness may be readily observed 
during May and June. Some haws have been seriously affected, while 
others have been exempt from injury. Here, again, various hawthorns 
of the crus-galli group have proved to be very susceptible to the pest, 
and certain species of other groups have shown considerable injury. 


DISTRIBUTION OF SAWFLY LEAF MINER. 


As a cherry pest the sawfly leaf miner is definitely known to occur in 
injurious numbers in orchards of English Morello cherry about Geneva 
in western New York and about Germantown, which is located in the 
Hudson Valley. It has been reported to the Station as occurring about 
Schenectady, but the statement of its presence in that locality has not been 
verified. In view of its occurrence in two communities which are widely 
separated, it would seem reasonable to suppose that the pest exists in 
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other localities where sour cherries are extensively grown. However, a 
careful survey: by the orchard and nursery inspectors of the Department 
of Agriculture in all of the leading fruit-growing counties of the State 
has failed to find any evidences of the work of the insect except in the 
foregoing localities. A study of available literature indicates that 
the insect is not known to occur as a cherry pest outside the State of 
New York. 

As a depredator of hawthorns the sawfly leaf miner has a wider range 
of distribution. It is known, as already indicated, as a serious pest 
of hawthorns growing about Boston, Mass., and it is common on various 
species of Crataegus growing in the vicinity of New York City, Rochester, 
Ithaca, Geneva, and Skaneateles, all of which are located in the State of 


New York. 
APPEARANCE OF THE INJURY 


As implied by its common name, the insect is a leaf-mining species 
and its work is very characteristic. The injury is first indicated by a 
small, thin, sinuous channel which finally swells out into a large blister- 
like area of a light-brown color, resembling that of dead leaf tissues. 
The attack by the larva of the sawfly leaf miner begins on the edge of 
the leaf toward the stem and continues along one side toward the leaf 
apex, the tunnel increasing in dimensions with the growth in size and 
the progress of the insect. Upon reaching the tip of the leaf the grub 
reverses its course and works backward toward the stem, consuming 
the remainder of the pulpy tissues between the main rib and the margin 
of the leaf. As a resuit, the parenchyma, or soft cellular tissue, is 
eaten, leaving the epidermis, which turns brown and forms a large blister. 
These blisters are very conspicuous on the upper surfaces of the leaves. 
Oftentimes the whole leaf is mined, but usually with most of the foliage 
only from one-quarter to one-half of the whole area of a leaf is destroyed. 
(Pl. LI, fig. 1.) Only the leaves that first unfold are subject to attack, 
and during some seasons hardly any of these escape the insect’s 
depredations. The principal damage occurs during the last week of 
May and the early part of June, or about one month before the harvesting 
of the fruit. With the disappearance of the larve the leaves most seri- 
ously affected shrivel, die, and finally drop to the ground, causing 
defoliation, which varies in importance according to the extent of infes- 
tation and the influence of seasonal conditions on the rate of growth. 

The actual effect of the work of the insect upon the crop is not easily 
measured and during most years is perhaps not of serious extent. How- 
ever, as previously indicated, the destructive power of the pest is mainly 
exercised on the leaves that unfold with the bursting of the buds. In 
years of slight precipitation and when new growth is of small extent 
and of slow development the plant is dependent on such foliage as it 
carries at the time, antl any extended injury to it must result in a set- 
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back, with correspondingly ill effects on the maturing crop of fruit. In 
years when the production of new growth is more rapid the damage 
caused by the sawfly leaf miner is of much less importance, as the large 
leaf surface under the circumstances is sufficient for the needs of the 
plant, and the loss of affected foliage does not result in an important 
reduction in leaf area. 

The hawthorns are more subject to severe attacks than the cherry, 
and during some seasons plants may be observed on which there is 
hardly a leaf that does not show injury. Notwithstanding the par- 
tiality of the sawfly leaf miner for this plant, hawthorns seem able to 
withstand considerable destruction of foliage without marked external 
evidences of the weakening of the tree. As shown in Plate LI, figure 2, 
the attractiveness of the plants as ornamental shrubs may be seriously 
marred. 


DESCRIPTION OF LIFE STAGES OF SAWFLY LEAF MINER 


EGG 


The egg is elliptical in shape, but is not entirely symmetrical in its outline, as 
one side shows a greater curvature than the other. It is, when removed from sur- 
rounding plant tissues, circular in cross section, but in its normal position in the 
leaf structure it is much flattened, owing to pressure. The chorion is a thin, white, 
shining, flexible membrane. The measurements of eggs when not compressed are: 
Length, 0.5 to o.7 mm.; diameter, 0.28 to 0.36 mm. 


LARVA 


To determine the number of instars, the mines were carefully examined for all 
insect remains, when the head molts were collected and measured as to width. The 
body remnants from some of the molts in first larval instars were occasionally miss- 
ing, having probably been eaten, but in very few cases were the head structures 
not in good condition for examination. The width of the head is fairly constant 
for the first larval instar, but in the more advanced stages there is considerable vari- 
ation. On the basis of head measurements it appears that the larva normally molts 
five times in its mine. It finally enters the ground and molts again in transforming 
to a pupa. 

The first five instars have the same general form and differ one from the other 
principally in size. The body is broadest at the first and second thoracic segments 
and gradually tapers toward the rear. The thoracic legs are short and conical and 
are composed of five segments, which include the thick basal and the small hooked 
terminal structures. All the abdominal segments except the last bear short rounded 
prolegs on the ventral side. The head is horizontal in the early stages, but slopes 
downward slightly in later instars. It is broad and flat, rounded on the sides, and 
obtuse in front. On the dorsal side it bears four longitudinal sutures. The outer 
pair run back from the ends of the clypeus and divide the head into three almost 
equal sections. The inner pair extend halfway across the middle section, dividing it 
into three equal areas. The eyes are wanting. The antenne are very short and are 
apparently composed of three segments. The maxillary palpi are large and protrude 
from beneath the head. The labial palpi are very small. The mandibles are short 
and thick, deeply hollowed on the inner side, and do not protrude beyond the end 
of the broadly notched labrum. 
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The technical description of each of the larval stages follows: 

First INSTAR.—Body translucent, white, shining; only slightly wrinkled, and with 
a green streak, due to alimentary tract, showing plainly in the abdominal segments. 
Prolegs appear as only slight elevations. 

Head is slightly brownish, being of dark color on the outer and posterior edges; 
mouth parts are reddish brown. The ventral side of the first thoracic segment has 
a pair of brownish gray marks, shaped roughly like a T, with the cross bar running 
longitudinally and the perpendicular reaching outward to a point just in front of 
the leg. A semicircular line of the same color occurs in front of the anus and is inter- 
rupted on the median line. 

Newly hatched larve are about 1.2 mm. in length, and after feeding, the body 
grows, reaching a length of 2.3 mm. Width of head, 0.36 to 0.42 mm.; average, 0.39 
mm. 

SECOND INSTAR.—AIl markings of body are more extensive than in preceding stage. 
Dorsal side with some specimens has a broad, faint, brownish gray, transverse band 
on the first thoracic and two spots on the second thoracic segment. ‘Phe pair of marks 
on ventral side of first thoracic segment are shaped more like inverted V’s, and between 
them there is a large longitudinal band. The second and third segments have median 
oval spots. Each proleg is marked by a narrow crescent on the anterior side. A 
semicircular mark on the last segment extends over half a circle and is not interrupted 
on the median line. 

Length, 2.6to3 mm. Width of head, 0.48 to 0.55 mm.; average, 0.52 mm. 

THIRD INSTAR.—AIl markings are the same as in preceding stage, but are much 
fainter. Prolegs are more prominent; those on the first and penultimate abdominal 
segments are small. 

Length, 3.2 to 4.3 mm. Width of head, 0.63 to 0.73 mm.; average, 0.67 mm. 

FourtH INSTAR.—The characteristic markings in preceding stages practically dis- 
appear in this instar. A ring of several rows of minute papille surrounds the anus. 
These probably exist in the earlier instars and escape detection because of their 
small size. 

Length, 4.5to 7.2 mm. Width of head, 0.8 to 0.9 mm.; average, 0.85 mm. 

FiFtH INSTAR.—This is similar to fourth instar. There are no distinct color markings. 

Length, 6.5to7.5mm. Width of head, 0.92 to 1.07 mm.; average, 1 mm. 

SrxtH INSTAR.—The body does not differ from that of preceding stage. The head 
assumes a vertical position. The four sutures on the dorsal side are very faint. The 
clypeus and labrum are shorter than in fifth instar. The mandibles protrude promi- 
nently and do not meet at the ends. The labium and maxille project from beneath 
the head to beyond the tips of the mandibles. 

Length is same as in fifth instar or may be a trifle shorter. Width of head, 0.90 to 
1.05 mm.; average, I mm. 

PUPA 


Until color of adult begins to show, the pupa is white in all portions except the 
eyes, which are reddish. Length about 5 mm. 


ADULT 


“Body [of female] black, with the clypeus, labrum, malar space, the mandibles, 
the first segment of the antenne, the tegule, a narrow margin to the pronotum, and 
the legs, for the most part, whitish. The prothorax, except the parts named, the 
cephalic part of the mesopleure, and the pectus, rufous; the posterior femora more 
or less shaded with fuscous; the head smooth with antennal furrows interrupted on 
the middle of the face; the furrows surrounding the postocellar area deep and dis- 
tinct, the vertical furrows not reaching the occiput; the median ocellus placed on a 
flat depression; a pit above the antennal socket; the median fovea minute but dis- 
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tinct; the clypeus truncate; the first and second antennal segments subequal, the 
third segment subequal to one and two together and longer than four; the saw-guides 
with the dorsal and ventral margins converging and the apex bluntly pointed; the 
male differs in having the rufous part of the thorax inclined to whitish and extend- 
ing over the entire pleure, the venter of the abdomen and a broad band on the lateral 
part of the dorsal aspect, broader behind, sometimes fused on the meson, whitish; 
the posterior femora not fuscous. Length 3 to 4 mm.’’! 


LIFE HISTORY AND HABITS OF SAWFLY LEAF MINER 
EMERGENCE OF ADULTS 





From puparia obtained on April 18, 1913, by sifting earth from beneath 
cherry trees, two male and seven female sawfly leaf miners made their 
appearance during a period extending from April 28 to May 2. On 
May 6 six males and six females were obtained in a cherry orchard, and 
only one of the flies was obtained in cages intended to trap the insects 
as they emerged from the ground. On May 7 five males and seven 
females were caught in breeding cages, and at this date the insects were 
present in large numbers on the trees. The insects continued to appear 
in the cages, a few each day, until May 19, which for 1913 was the latest 
date for the emergence of the flies for that year. Observations for 
several seasons show that the flies make their appearance when the 
first leaf clusters are unfolding and the cluster buds are beginning to 
open. 

EARLY HABITS 

At the time of their emergence from the ground the sawfly leaf miners 
are fully colored and are very active creatures. They are apparently 
very susceptible to temperature conditions. If disturbed on cold days, 
they drop suddenly from the foliage, attempting to fly while in midair. 
Failing in this effort, they drop to the ground and craw] to some elevated 
object, on which they renew their attempts to seek flight. 

They copulate within less than a day after their appearance from the 
soil. In this act the male approaches the female backward, so that the 
tips of their abdomens come in contact while their heads are opposed to 
each other. Then the male reaches back with the hind legs and grasps 
the female over the back of her body, placing at the same time the tip 
of his abdomen under that of the female and inserting the penis under the 
flap at the base of the ovipositor. The outer flaps of the male genitalia are 
pressed closely against the under side of the female’s body. The whole 
process is a matter of one to three minutes. One pair contained in an 
observation jar copulated three times within a space of half an hour. 





OVIPOSITION 


The females are apparently ready to oviposit soon after they make 
their escape from the ground. One specimen was dissected about 17 
hours after its appearance, and in the ovaries and oviducts there were 


1 MacGillivray, A.D. New genera and species of sawflies. Jn Canad. Ent., v. 46, no. 10, p. 364-365. 
1914. 
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counted 15 fully developed eggs. Another that had been out for two 
days began to deposit eggs immediately when cherry leaves were intro- 
duced into its cage. In the orchard eggs were first found during the year 
1913 on May 7; in that season adults were first observed on May 6, 
although the insects may have been present on the trees for a day or two 
before and escaped detection. During the first days of the oviposition 
period one or sometimes two leaves in a cluster may show the presence 
of eggs. The females seem to manifest a preference for leaves which are 
first to appear and which are partly folded. The process of oviposition 
requires only about a minute. Details of this operation proved difficult 
to determine because of the extreme shyness of the females, which fly 
quickly on the approach of any object. 

The lower surface of the egg lies in contact with the lower epidermis, 
which has been cut free from the other tissues of the leaf so as to form a 
small blister-like cavity or pocket. The egg is usually within 1 or 2 mm. 
from the edge of the leaf; rarely on the extreme edge or more than 3 
mm. from the margin. On the upper side at the edge of the cavity there 
is usually a stoma, through which the ovipositor is probably thrust. An 
examination of 91 eggs at random shows that they are more often de- 
posited near the base of the leaf than the tip. About 70 per cent of 
the eggs were in the area of the leaf from one-eighth to one-third the 
distance from the base, 20 per cent near the middle, and about 10 per 
cent occurred in the portion of the leaf toward the tip. From 1 to 5 
eggs were observed on a single leaf, and the average for all observations 
was 2.3 eggs per leaf. 


HATCHING AND LARVAL ACTIVITIES 


During 1913 young larve were first observed on May 24 as the trees 
were coming into full bloom, but judging from the sizes of some of the 
mines it was evident that a few eggs had hatched one or two days earlier. 
By May 27 the hatching period was practically completed. In the field 
it proved difficult to determine the period of incubation, but eggs depos- 
ited on cherry leaves in the insectary hatched in eight days from date of 
oviposition. Under normal conditions incubation would probably extend 
over a larger number of days. 

Upon hatching, the young larva works its way through the tissue of 
the leaf until it reaches the upper epidermis. It usually mines toward 
the distal end of the leaf, generally keeping close to the edge and feeding 
with the ventral side in contact with the upper epidermis. When the 
tip of the leaf has been reached the creature reverses its course, pro- 
ceeding along the area adjoining the midrib; or if there is no interference 
by another larva it may cross over the main rib and tunnel back along 
the edge of the opposite half of the leaf. 

The mine, as viewed from above, during its first stages of development 
is rather dark brown in color, which is accounted for in part by frass 
along the edges of the roof of the tunnel. As the affected area increases 
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in size, especially in its breadth, the mine becomes light brown, while 
the edges incline to a darker shade. Observed from beneath, the only 
visible indication of the initial activities of the insect is a small oval 
spot, which marks the original cavity constructed by the adult for the 
reception of the egg, and this contains in addition to the shriveled egg 
membrane accumulations of frass from the early feeding operations of 
the larva. Later, the underside of the tunnel also becomes brown, with 
the exposed epidermis wrinkled, but, in general, the destructive work of 
the insect is not so apparent on the lower as on the upper surface of the 
leaf. 

There is a fairly definite relationship between the size of the mine and 
the age of the larva with respect to the different instars. In general, 
mines under 5 mm. long and 2 mm. at their greatest width contain larve 
in the first instar; mines that are 5 by 2 mm. to 12 by 4 mm. contain 
larvee in the second instar; mines that are 8 by 5 mm. to 8 by 6 mm. con- 
tain larve of the third instar; mines that are 18 by 6 mm. to 28 by 8 mm. 
contain larve of the fourth instar; and mines of greater dimensions than 
the foregoing are occupied by larve of the fifth instar. 


PUPATION 


Upon reaching maturity the larve make a hole in the tissues forming 
the mine, usually the upper epidermis, which forms the roof. From the 
opening they make their escape to the edge of the leaf, when they drop 
to the ground. During 1912 the larve began to leave the foliage on June 
7, and by June 10 it was estimated that 50 per cent of the insects had 
abandoned their mines. On June 18 it was difficult to find a specimen on 
the tree, while June 22 was the latest date that any of the insects were 
seen on the leaves. Upon reaching the ground they bury themselves 
several inches deep in the soil and construct an earthen cell. The 
cocoon, which is oval in shape, consists of particles of earth glued together 
and lined with a cement which renders it impervious to water and strong 
enough to resist considerable pressure without crushing. The insect 
passes the winter in the larval stage. However, the pupa begins to form 
in the fall. Specimens obtained during October showed the developing 
compound eyes and ocelli, while of examples secured the following April 
the adult characters of the head could be plainly seen through the skin, 
and their bodies were decidedly humped. One of these specimens which 
was kept in a cool room transformed to a pupa on or before April 23. 
Others obtained from an orchard on May 2, 1913, were all in the pupal 
stage, and one female pupa was partly colored. 


NATURAL ENEMIES OF SAWFLY LEAF MINER! 


A common enemy of the sawfly leaf miner is the chalcidid Trichogramma 
minutum Riley, which is an egg parasite. During the five years that 





! Through the courtesy of Dr. L. O. Howard, the identifications of the parasites were made by Messrs. 
A. A. Girault and A. S. Rohwer, of the United States Bureau of Entomology. 
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Profenusa collaris has been under observation, T. minutum has twice 
made its appearance in conspicuous numbers in infested cherry orchards, 
in 1912 andini915. During the former year the larger percentage of the 
eggs of the leaf miner were attacked, and on some trees it was difficult to 
find an egg-bearing leaf which had not been visited by the parasite. In 
1915 parasitism ranged from about 40 to go per cent on individual trees. 
Taking all trees into consideration, of the eggs deposited by the insect a 
larger percentage of them certainly failed to hatch than hatched, and for 
this mortality 7. minutum appeared to be largely responsible. 

The parasite was reared from both cherry and hawthorn foliage. The 
majority of the eggs of the leaf miner that were dissected contained a 
single parasite, and in only a few instances were twin larve or pupe 
observed. On June 2, 1915, the parasites were all in the larval state, 
but on June 5, when the larve of P. collaris were beginning to abandon 
their mines in the foliage, about 50 per cent of the parasites were in the 
pupal state. By June 7 they had nearly all transformed to pupz, and 
on June 9 the first adult appeared. During succeeding days the chal- 
cidids appeared in large numbers, and the last specimen to make its 
appearance emerged on June 14. While the parasite was abundant about 
Geneva during this year, it was relatively quite scarce on plantings of 
Crataegus spp. at Rochester. 

Besides the foregoing parasite there has been reared from P. collaris 
an ichneumon which proved to be a new species and has been listed by 
Rohwer ' as ‘‘ Pezoporus tenthredinarum.” Apparently there is associated 
with this ichneumon an undescribed tryphonine, but owing to the small 
numbers collected it is impossible to make any definite statement at this 
time as to its status as a parasite of the sawfly leaf miner. 


METHODS OF CONTROL 
REMOVAL OF AFFECTED LEAVES 


Of the operations systematically practiced, one that will probably 
prove most effective and economical in controlling the sawfly leaf miner 
is the picking of affected leaves. This species is peculiarly susceptible 
to this kind of repressive method, since there is only one brood of larve 
to attack the foliage, and oviposition extends over only a short period. 
The effect is that hatching of eggs and maturing of larve are, practically 
speaking, almost simultaneous for all of the creatures, and their activities 
during their injurious stages are therefore restricted to a relatively short 
period. By careful timing it is possible at a single picking to collect 
practically all of the larve by removing the affected leaves, which should 
then be burned to destroy the insects therein. The removal and de- 
struction of all mined leaves, coupled with another practice—the destruc- 





1 Rohwer, S. A. Descriptions of new species of Hymenoptera. Jn Proc. U. S. Nat. Mus., v. 49, p. 216. 
Tors. 
12572°—15——3 
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tion of wild hawthorns in the immediate vicinity of the cherry orchard— 
should leave few opportunities for the pest to develop to injurious 
numbers. 







FUMIGATION WITH HYDROCYANIC-ACID GAS 










Of the various measures employing insecticides tested by this station 
to protect cherry foliage from the work of the leaf miner, fumigation 
with hydrocyanic-acid gas alone was effective. Most cherry growers in 
New York are not equipped with suitable apparatus to undertake this 
means of affording protection to their trees, and fumigation should only 
be undertaken as an extreme measure and in an experimental way 
under expert direction. 









CULTIVATION 







Cultivation, if done with care and at the proper time, is destructive 
to many insects with subterranean habits. Species especially that un- 
dergo pupal development in the ground are not only peculiarly sensitive 
to disturbances of the soil, but plowing and cultivation, besides breaking 
up the cells of hibernating larve, exert another detrimental influence, 
exposing the helpless insects to insectivorous birds and other foes. 
Since it is the normal habit of the larve of this sawfly leaf miner to live 
in earthen cells for the greater portion of the life cycle of the species, such 
practices as fall or early spring plowing or cultivation are to be recom- 
mended from an entomological standpoint. These measures, fortunately, 
are standard operations which are invariably practiced by the most 
successful cherry growers. 



























DESTRUCTION OF UNCULTIVATED HOST PLANTS 


The fact that the sawfly leaf miner is very partial to hawthorns, 
especially of the group C. crus-galli, and breeds most abundantly on 
them, suggests the desirability of destroying these plants when they 
exist in the immediate vicinity of a cherry orchard. The value of this 
operation is not known; but until there is more knowledge of the breeding 
habits of the pest the removal of wild plants along roadsides and hedge- 
rows that are attractive to the insect for purposes of propagation would 
appear advisable as a precautionary measure. 


SPRAYING OF HAWTHORNS 


For the protection of hawthorns in decorative plantings, spraying 
seems to be preferred to any of the preceding measures. The insecticide 
which has given the most satisfactory results is composed of 1 pint of 
nicotine solution (40 per cent) to 100 gallons of water to which are added 
4 pounds of soap. In making the treatment the liquid should be used in 
liberal amounts and applied with rather high pressures at the time when 
the insects first begin to mine the foliage. 
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Fig. 1.—Leaves of English Morello cherry, showing injury by the sawfly leaf miner. 


Fig. 2.—Leaves of hawthorn, showing injury by the sawfly leaf miner. 
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VARIATIONS IN MINERAL COMPOSITION OF SAP, 
LEAVES, AND STEMS OF THE WILD-GRAPE VINE 
AND SUGAR-MAPLE TREE 


By O. M. SHEpp, ! 
Chemist, Kentucky Agricultural Experiment Station 


INTRODUCTION 


In a previous publication Kastle and the writer (9)? have shown the 
relation existing between the mineral components of the sap of the wild- 
grape vine (Vitis cordifolia) and those contained in the young leaves and 
stems at a certain period in its growth during the same year. At that 
time these writers stated that they did not know whether these relations 
would hold true throughout the growing season, and they purposed to 
continue the investigation so as to include the sap and other materials 
from different portions of this vine and other plants. 

Since our former publication, the writer has found in the literature at 
hand that considerable work has been done by Chandler (1), Harris and 
Gortner (8), Dixon and others (2, 3, 4, 5, 6, 7) on the physiochemical 
properties of certain saps or plant juices, but, so far as we have been able 
to find, no work has been done on the mineral composition of the sap or 
on the changes occurring therein which might have any bearing on the 
above-mentioned investigation. 


EXPERIMENTS WITH WILD-GRAPE VINE 


With this idea in view, the writer has during the last three years 
(1912-1914) collected samples of the sap from the vine employed in the 
former work, in order to determine (1) whether the mineral composition 
of this sap varies at the same time in different parts of the vine, (2) 
whether it varies during a single season at a certain point, and (3) whether 
it varies during different years. The analyses are of interest, inasmuch 
as they show large differences in the composition of the sap, depending 
on the time and place of collection. The results are given in Tables I to 
XI and are expressed in percentage by weight, except where otherwise 
stated. The mineral components of the original sample have been cal- 
culated from the amounts found in the ash, except the chlorin, which 
was determined in the fresh sap. The sulphur-trioxid content of the 
original substance is probably low, since more or less sulphur is lost in 
ashing organic materials. 





1 The author desires to express his gratitude to Dr. J. H. Kastle, Director of the Kentucky Experiment 
Station, for his helpful advice during the progress of this investigation. 
2 Reference is made by number to “ Literature cited,’”’ p. 541-542. 
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In order to understand more fully the different tabulations, a brief 
description of each sample follows. 

Nos. 285, 812, and 852 were collected in April of 1912, 1913, and 1914, 
respectively, from the cut end of the same main branch about 20 feet 
from the root of the vine and just after the sap flow commenced. 

No. 853 was collected in April, 1914, from the cut end of another main 
branch about 4 feet from the root of the vine and just after the sap flow 
commenced. This sample was taken at the same time as No. 852. 

No. 854 was collected in April, 1914, from the same point as No. 852, 
but seven days later and just before the sap flow ceased. 

No. 900 was collected in April, 1915, from the cut end of one of the main 
branches about 20 feet from the root of the vine and just after the sap 
flow commenced. This was a different branch from that from which No. 
285 was taken, because no sap exuded from the old branch, and it seemed 
to have been greatly weakened by the annual loss. 

No. go1 was collected in April, 1915, from several of the small branches 
or shoots which were of the previous year’s growth and just after the sap 
flow commenced. This sample was taken at the same time as No. 900 
and from 10 shoots which were located several feet from the main branches. 

Nos. 902, 904, and 906 were collected for three successive days from 
ga. m. to 5 p. m., beginning on April 29, 1915, four days after and from 
the same point as No. goo. 

Nos. 903, 905, and 907 were collected for three successive nights from 
5 p. m. tog a. m., beginning on April 29, 1915, and from the same point 
as No. goo. 

The variation in the percentage composition of the fresh sap and the 
ash of samples 852, 853, 900, and gor are given in Tables I and II. 


TABLE I.—Variation in percentage composition of fresh sap collected at the same time 
from different points on the wild-grape vine } 





Ratio between— 





| Sample | Sample Sample Sample 


Constituent. | No. 852. | No. 853. | No. goo. No. gor. 


Nos. 852 | Nos. 900 
and 853. | and gor. 





Water at neer’'C.... ..+| 99-8279 | 99-8538 99- 8183 99- 8431 1:31.00 I: 1-00 


























Organic matter....... Sas +1435 +1112 +1305 + 1068 Zi 097 zr: 8s 
Silica (SiOs)............ paiva eal - 0001 + COOT + 0003 +0017 I: 1-00 I: 5-67 
Ferric and aluminic oxids (Fe2:O3s+ 
RRS EES ae RS ese + Q0OT + OOOI +0001 +0004 I: 1.00 I: 4-00 
Eee: | +0160 +OIS5 +0234 +0268 3: oF 1:15 
Magnesium oxid (MgO)............... +0024 +0025 +0041 +0062 1:11.04 ae OF 
Sodium oxid (NasO).........seese00 +0012 +0012 +0010 + OOII I: 1.00 I:1-10 
Potassium oxid (K2O)................ +0050 +OIr2 +0167 +0074 I32.24 St 1a 
Phosphorus pentoxid (P20s).......... + 0015 - 0026 +0030 | . 0030 1:1 73 1: 1.00 
Sulphur trioxid (SOs)...............06 +0019 +0017 +0025 +0033 1: .89 123.32 
MEN SostivesscscGrens tv ecuaneeeesut +0004 - Q0OF -ooor | +0602 I 25 I: 2.00 
F WN 65h Sineaeee ciebsancanapaee TOO. 0000 | 100.0000 | 100-0000 | 100-0000 ]|.......+65 |overeeeeee 
ass SE Pee TT EE eT Ee CEE Te | 1.0009 1. 0008 1.00082 | I. 00027 1: 1.00 | I: 1.00 
Nitrogen as nitrates. ...........eeeeees +0013 | +0024 + 00004 00001 | 1:13.85 | ¥e% 25 
Finds d0ksd xontecsnranbecknes +0384 | +0477 +0700 - 0662 I: 1-24 | Z: 098 





1 Nos. 852 and 853 were collected in 1914; Nos. 900 and gor in 1915. 
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TABLE I1.—Percentage composition of ash of the samples in Table I 
































Ratio between— 
: Sample | Sample | Sample | Sample 

Constituent. No. 852. | No. 853. | No. 900. | No. gor. Nos. 852 | Nos. 900 

and 853. and gor. 
SMR COMO we Cs oe dois s cidlaials 0. 339 | 0231 | 0.485] 2.505] 1:0.68 |] 1:5. 16 

Ferric and aluminic oxids 

(Fe,0,+Al,03)............. . 261 . 210 - 143 -574|1: .80] 1:34.01 
Calcium oxid (CaO).......... 41. 628 | 32. 535 | 33-432 | 40.386 | 1: .78]| 1:41.21 
Magnesium oxid (MgO).......| 6.364] 5.296] 5.828] 9.424] 1: .83|1:1.62 
Sodium oxid (Na,O)..........|| 3.234 | 2.522] 1.483 | 1.633] 1: .78| 1:1. 10 
Potassium oxid (K,O)........ 13. 146 | 23. 465 | 23. 787 | 11.103 | 1:31.78 | 1: .47 
Phosphorus pentoxid (P,0;)..| 3.860] 5.380] 4.349] 4.543 | 1:1.39| 1:1.04 
Sulphur trioxid (SO3).........| | 5.008 | 3.531] 3.562 | 5.052|1: .7% | 1:1.42 
GATIONN CERNE, HOE CE RERIINIOGT oo... ic cfc cc cce cde cesc cadPeascccasleccavceccleececses 
Roi cc aabintens ede 73- 840 | 73-170 | 73-069 | 75.220 |......... isin, 





From an examination of Table I it is apparent that the water, calcium, 
and sodium content of the sap are fairly constant when collected at two 
different points at the same time during the same year, while the silica, 
iron, aluminum, potassium, phosphorus, and chlorin are the large variable 
constituents, depending on the time and point of collection. The organic 
matter is higher in the sap taken at a point on the main branch about 20 
feet from the root than it is on the same branch closer to the ground or on 
the new branches. The silica, iron, aluminum, calcium, magnesium, and 
sulphur, however, are higher in the sap in the new branches. These facts 
agree with the writer’s previous findings, which show that the minerals ac- 
cumulate inthe leaves. Asthe grapevine puts forth leaves every year only 
on the parts of more recent growth, the above results are what one would 
naturally expect when considered in connection with the former work. 

Another interesting point is that certain constituents—namely, silica, 
iron, aluminum, magnesium, and phosphorus—may be about the same in 
the sap when collected from two different points at the same time during 
a given year, but vary widely when compared the following season. 

A further point of interest is that while the ratio of calcium oxid to 
magnesium oxid is fairly constant in each sap of Table I, that of the 
potassium oxid to sodium oxid is variable, as shown in Table III. 

TABLE III.—Comparison of the ratios of calcium oxid to magnesium oxid and potassium 


oxid to sodium oxid in sap of the wild grape collected at the same time from different 
points on the vine 











Ratioof | Ratio of 
calcium potassium 
Sample No. oxid to oxid to 
magnesium | sodium 
oxid, |  oxid. 
MN 6c tle pareee2t sescetiones dutsoasusdend ac cee cues awnkcene as 67:1 4.231 
BE accn ac rcdstW eee pass 000 sReCe ewe an CRaegemev ante GQaiz] i ee 
N65 see Hen kG tile ka Wele kee wh doe e eeMiRCehes. ene eo eeeedemetes S722 l waz 
 ) eee Ree rer es eee eT eee ee eee ee eee ee eT 43:1] Q7:3 
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TABLE IV.—Variation in percentage composition of fresh sap collected at the same point 
on the wild-grape vine at different times during the same season ' 





Ratio between— 
Constituent. eicacaetisiliibns 
Nos. 852 | Nos. 900 
and 854. | and go2. 





Water at 100°C " " 99- 8183 
Organic matter . ‘ +1305 
Silica (SiO2) . e +0003 
Ferric and aluminic oxids (Fex03+Al2Os).. ‘ s +0001 
Calcium oxid (CaO) . ° +0234 
Magnesium oxid (MgO) . ‘ + 0041 
Sodium oxid (Na2O) ‘ ‘ +0010 
Potassium oxid (K:0) + 005 F +0167 
Phosphorus pentoxid (P20s) ° +0045 +0030 
Sulphur trioxid (SOs)..................05- R +0037 +0025 
Chlorin . +0004 + Q00I + Q00r 


HW HH RH 
HR HH HR HWP 





- COCO + COCO 


+ 0009 + 0007 
Nitrogen as nitrates +0013 +0028 
Crude ash +0384 - 0863 























1 Nos. 852 and 854 were alicia in 1914; Nos. 900 and goa, in rors. Y 
> Composition by volume, but this does not appreciably affect the percentage by weight. 


TABLE V.—-Percentage composition of ash of samples in Table IV 





Ratio between— 


Sample | napa | ______ aaeans pees 


Constituent. No. 854. No. 902. 


Nos. 852 | Nos. goo 
and 854. | and goz. 








Silica (SiO,) yas " " . 67 4 21. 40 

Ferric and aluminic oxids | 
(Fe,0,+Al1,0,) ... streweweal ; ‘ a5 La $2.98 

Calcium oxid (Ca). ecwe oa ar > .82 

Magnesium oxid ( MgO). . : : 

Sodium oxid (Na,O) 

Potassium oxid (K,O) 

Phosphorus pentoxid (P,0;). . .| 

Sulphur trioxid (SO,) 

Carbon dioxid, not determined. 

















73-069 | 73. 531 





In Table IV it appears that in both years there is a concentration of 
practically all the minerals in the sap at the end of the sap flow, or when 
new leaves develop, compared with the beginning. The ratio of increase 
of some of the minerals—namely, silica, iron, aluminum, potassium, 
phosphorus, and sulphur—in one or both years is much greater than the 
remainder. There is also a wide variation in the percentages of ash in 
the different samples, which partly accounts for some of these differences 
(Table V). Furthermore, an examination of the ratios of calcium oxid to 
magnesium oxid and potassium oxid to sodium oxid shows that the 
former remains fairly constant, while the latter is variable and demon- 
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strates the large amount of potassium oxid in the sap at the end of the 
sap flow compared with the beginning, since the sodium oxid is fairly con- 
stant during both years. See Table VI. 


TABLE VI.—Comparison of the ratios of calcium oxid to magnesium oxid and potassium 
oxid to sodium oxid in sap of wild grape taken from the same point on the vine at different 
times during the same season 





Ratio of : 
calcium | .Ueqesiam 
Sample No. oxid to : 


: oxid to so- 
magnesium] 5: - 
oxid. dium oxid. 

















An examination of the minimum and maximum percentages of the 
minerals in the sap collected at the same point during four successive 
years and just after the sap flow commenced shows the largest variations 
which have been found (Table VII). The constituents vary in order of 
magnitude as follows: Potassium, chlorin, iron, aluminum, silica, phos- 
phorus, sulphur, magnesium, sodium, and calcium. Again there is a 
wide variation in the ash content of the different samples (Table VIII). 


TABLE VII.—Variation in percentage composition of fresh sap collected at the same 
point on the wild-grape vine at the beginning of the sap flow during four successive 
years 





—_— 
oe ison | Ratio be- 

: | Sample mple | tween mini- 
Constituent. | No. 285. . 812. . 852. No. 900. | mum and 
| maximum. 
| 


Water at 100° C 99. 6340 | 99. 99. 8279 | 99. 8183 
Organic matter...................] . 2782 : 14: . 1305 
Silica (SiO,) . 0005 ‘ ‘ . 0003 
Ferric and aluminic oxids mee 203 

+Al,0;).. 4 |. 0006 4 7 . OOO! 
Calcium oxid (CaO). .. aise , ‘ , . 0234 
Magnesium oxid (MgO). | eae ‘ : . 0041 
Sodium oxid (Na,O).. CEE a , , . COTO 
Potassium oxid (K,0). ‘ : , . 0167 
Phosphorus pentoxid (F205). « : F ; . 0030 
Suipker trioxid (SO;). . re a ‘ ji . 0025 
Chlorin ‘ ‘ ‘ . OOO! 


De ee ee 
CWWOH RH HD Uwe 





. OOOO 


. 00082 


Nitrogen as nitrates. .............. ‘ 
CE RR eee red aes . 0570 . 03 . ©7000 
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TABLE VIII.—Percentage composition of ash of samples in Table VII 





Ratio 


Sample | Sample | Sample | Sample between 


Constituent. No. 285. | No. 812. | No. 852. | No. goo, | @n!mum 


* land maxi- 
| mum. 


2 er ee Terre 
Ferric and aluminic oxids (Fe,0;+ | 





0.405 | 0.809] 0.339] 0.485 | 1: 2.39 

















__ | EERE a neice 540 . 387 261 143 | 1: 3.78 
i. a rah 19. 490 | 36.070 | 41.628 | 33.432 | 1: 2.14 
Magnesium oxid (MgO)............... | 3-900] 7.594] 6.364] 5.828| 1: 1.95 
sodium Oxid (NasO)........58. ces ccs | 1.§00| 2.742] 3.234] 1.483] 1: 2.16 
Potassium oxid (K,0).............0005 | 41. 380 | 19.617 | 13.146 | 23. 787 | 1: 3. 15 
Here sag pentoxid (P,0,)........... 5.090] 3.059) 3.860] 4.349 | 1: 1.66 
Sulphur trioxid (SO,)................. | 4590| 2.742 | 5.008] 3.562 | 1: 1.83 
Carecn Gioxid Hot Gebermined 5.5.056.0.:60[6 6c selec clas sooo enced elles once sers eee ne 

DB is: axes Fhe eoneae eee 76. 895 | 73.020 | 73. 840 | 73. 069 | sila daiae 





As stated before, Nos. 285, 812, and 852 were collected from the same 
branch, whereas No. 900 was taken an equal distance from the root on 
another branch, as the former was so greatly weakened that no sap 
exuded from it at the proper time, although new growth came on it later, 
showing that it was not dead. If a comparison now be made of Nos. 285, 
812, and 852, it will be found that there has been a marked reduction in 
practically all of the mineral substances in the sap in the two succeeding 
years compared with the first, and, moreover, this was very sharp in 
some constituents in the second and, in others,in the third year. Fur- 
thermore, it will be noticed that among those which show a decided 
decrease in the second year are potassium and phosphorus, both of which 
are included among the chief essential plant-food elements. 

According to the different analyses of the sap, potassium is among 
the high mineral constituents, and as this element has shown the largest 
loss, this may account for the weakened condition of the branch. 

The ratios of calcium oxid to magnesium oxid and of potassium oxid 
to sodium oxid in the various samples of Table VII are as given in Table 
IX. 

TABLE [X.—Comparison of ratios of calcium oxid to magnesium oxid and potassium oxid 


to sodium oxid in sap of wild grape from the same point on the vine at the beginning of 
the sap flow during four successive years 





Ratio of Ratio of 
| calcium § potassium 
Sample No. | oxid to oxid to 
magne- | sodium 
sium oxid. f oxid. 





NR sia: ix ie fens tess rraparec: an poset acicw av G7 ets Broaiae Rte eS SO | a7522 
Es aes ak MAAS ADELA GOREN AIE NS Adis CEN SE CaN TOT 4.8:1 782% 
TEPER CET EEE Soe cr ER ee ME 67:2 42:12 
I 5 4h a wh bnninted ain ncoe we cwie wie nigce re Ntaesencniaes erator eee wee ok ne CRONE 7 ce} 2.7 2s 
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Table IX shows that the ratio of calcium oxid to magnesium oxid 
is fairly constant in the different samples, while the wide variation in 
the potassium oxid and sodium oxid from 27.5 in 1912 to 4.2 in 1914 
would indicate that these figures were obtained from the sap of different, 
plants rather than from that of the same vine at different times. 


TABLE X.—Variation in percentage composition! of fresh sap of wild grape collected for 
three successive days and nights? 





























| Rn 
| et ween 
: Sample | Sample | Sample | Sample | Sample | Sample |°-~. 
Constituent. | No. 902. | No. 903. | No. 904. | No. 905. | No. 906. | No. 907. /™™’aunum 
| and max- 
| imum. 
| 
Water at oh ee CREE 99-7026 | 99-7354| 99-7435] 99-7473 99-7592 | 99-7469 | 1: 1.00 
CE EE sci cv ciccccccccsnes - 2208 +1971 +1766 + 1892 +1732 + 1874 | pe OF | 
EM i iccncnndsscvnceesd +0007 + 0006 - 0008 +0007 + 0005 +0007 1: 1.60 
Ferric and aluminic oxids | 
(FexOs+ AleOs)............005 + 0003 +0002 + 0005 « QCOOI + 0005 - COT I: 5.00 
Calcium oxid (CaO)............ +0277 +0248 +0248 +0245 +0228 +0233 I:%.22 
Magnesium oxid (MgO)........ +0047 +0042 +0089 +0049 +0070 +0045 I:2.12 
Sodium oxid (Na2O)........... +OOrr +0008 +0039 + 0008 - 0041 - 0014 125.13 
Potassium oxid (K20).......... 0316 0279 0296 0239 0245 0254 I:1.32 
Phosphorus pentoxid (P2Os).... ° P 0077 0056 0054 0067 121-43 
Sulphur trioxid (SOz).......... +0036 +0030 +0036 +0030 +0028 - 0036 1:13.29 
STE FERS er eee She a Serene Sheree oe ne eee he ila wealaae 
MN oasis cicaninciedegs 100. 0000 | 100. 0000 | 100. 0000 | 100. 0000 | 100. 0000 | 100-0000 |........06 
COMME OEIRS kccchupncendhconeere: +1012 0916 | 0925 - 0843 - 0780 | -0839 | 1:1.30 
! ' | 








1 By volume. 
2 Nos. sate 904, and 906 were collected on successive days; Nos. 903, 905, and 907 were collected on succes- 
sive nights. 


TABLE XI.—Percentage composition of ash of samples in Table X 






































| _ Ratio 
| wi 
Constituent. Semple | Sample | Sample | Sample | Sample | Sample | inirmum 
} and max- 
| imum. 
SHCA CIO ec ce cece cicccess 0. 678 | 0. 6gr | 0. 884 | 0. 804 | 0. 641 | 0. 788 | 1: 1. 38 
Ferric and aluminic oxids 
(Fe,0,+Al,0,)........... -254| .267] .590] .079| .64r| .110| 1:8.14 
Calcium oxid (CaO)........./27. 386 |27. 068 |26. 820 |29. 034 |29. 167 |27. 796 | 1 : 1. 09 
Magnesium oxid (MgO).....| 4.602 | 4. 621 | 9. 607 | 5. 840 | 8.939 | 5. 366 | 1: 2.09 
Fe nen oxid (Na,O)........ 1.078 | .823 | 4.220] 1.006] 5. 269 | 1.672 | 1:6. 40 
Potassium oxid (K,O).......|31. 198 |30. 478 |31. 986 |28. 277 |31. 430 |30. 232 | 1: 1. 13 
Phosphorus pentoxid (P,O;).} 6.771 | 6.544 | 8.271 | 6.604 | 6.950 | 7.999 | 1: 1.26 
Sulphur trioxid (SO,).......| 3. 564 | 3.261 | 3.841 | 3.524 | 3.628 | 4.327 | 1: 1.33 
Carbon dioxid, not deter- 
os) a errr corre er rer el ror ee errr ee on Cee eee ey Seaaee aa 
5 a ey ee? 75. 531 173-753 |86. 219 |75. 168 |86. 665 |78. 290 eaeenee 





Referring to the results in Table X, it will be seen that there is a con- 
siderable variation occurring daily in the mineral composition of the sap 
and that, as a rule, most of its constituents are present in larger amounts 
during the day, while, on the other hand, its composition is more constant 
at night (Table XI). 
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As there was such a wide variation in short periods of time in the com- 
position of the sap of this vine, it was thought desirable to collect further 
samples of the young leaves and stems in order to determine if this would 
hold true in regard to these parts. Accordingly, in June, 1915, or two 
months after the sap was first collected, and every two weeks thereafter 
for six weeks, samples of the succulent young stems and leaves repre- 
senting the same stage of growth were taken. Therefore, the results are 
somewhat comparable with each other and with those formerly obtained, 
since the earlier samples were taken in a similar manner in Nos. 908 and 
909. The consecutive analyses are given in Tables XII to XV along with 
those of Nos. 627 and 628 of 1912. 


TABLE XII.—Variation in percentage composition of young green leaves of wild-grape 
vine in the same and in different years 




















Ratio 
between 
Constituent. famole | Gemole | Semole | Semote | Seno | stim 
maximum. 
Water at 100° C........ 75-4700 | 75.1200 | 71.1975 | 73.1525 | 72. 6or5 1:1. 06 
Organic matter..........] 22.8500 | 23. 3181 | 26. 8851 | 25.3750 | 25. 9097 ¥:5.38 
MICA (SIO4) 3. 65055000 . 1372 - 0514 . 0642 . 0291 - 0537 1:4. 71 
Ferric and ALO 
oxids (Fe,0,+A1,0,) . 0214 . 0197 - 0394 . OI17 . O165 2:3. 37 
cues oxid (CaO O).. . 7200 - 5478 » 7585 «5515 - 4427 £52, 92 
Magnesium oxid (MgO). . « 1337 . 1172 » 5333 . 1004 - 1078 £23.33 
Sodium oxid (Na,O)....} . 0356 . 0167 . 0214 . 0236 . 0287 1:2. 13 
Potassium oxid (K,O)...}  . 3427 . 5619 - 5943 - 5076 - 5752 1:1. 73 
Phosphorus _pentoxid 
Dicscaea man eesue . 2260 . 2104 . 2020 . 1891 - 1992 I:I. 20 
Sulphur trioxid (SOg).. . 0634 . 0428 . 1043 . 05905 . 0650 1:2. 44 
MORE Ssv.6-6 aise TOO, OOOO | TOO. OOOO | 100. OOOO |IOO. 0000 |100. 0000 |......... 
Crude agh...............] 23360] 2.0140] 2.4505 | 1.9530] 1.8790 £2%. 3% 
TABLE XIII.—Percentage composition of ash of samples in Table XII 
S: 1 Sampl Sampl Sampl Sampl Banat 
: a e i. 
Constituent. i. Ge. No. ne No. an, ie. ne. No. ~04 mum and 
maximum. 
SIMCRRIOS) 5 o.06:5 os hss 5. 890 2. 550 2. 610 I. 490 2.860] 1: 3.95 
Ferric and aluminic 
oxids (Fe,03+A1,03).. .920 - 980 I. 600 - 600 880} 1: 2.67 
Calcium oxid (CaO) 30.900} 27.200] 30.840] 28.240] 23.560] 1: 1.31 
Magnesium oxid (M | 5-7ao 5. 520 5. 419 5. 143 S969 | £5. 22 
Sodium oxid (Na,O ee I. 530 . 827 . 870 I. 209 ra) | 23 2.185 
Potassium oxid (K,O)..| 14.710] 27.899] 24.163 | 25.992] 30.613 | 1: 2.08 
— pentoxid 
Cg OS RS ee Q. 700 | 10.447 8. 215 g. 682 | 10.600] 1: 1.29 
Sulphur trioxid (SO,)...} 2. 720 2. 127 4. 239 3. 046 3-457 | 1:31.99 
Carbon dioxid, not de- 
termined. : asc: cis9 clad ests Siacascis | hcaageusta tas a ania o ulate Nassceee oar evel gia 
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TABLE XIV.—Variation in percentage composition of young green stems of wild-grape | 
vine in the same and in different years 





























° Samp! Sampl Sampl Sampl Sampl +. <4 
: e le e 
Constant. No. 628. | No.g09. | Noort. | No.ox3. | No.oxs. | mum and 
Maximum 
Water'at roo” C........ 79. 2500 | 84.2750 | 81.9385 | 83. 3210 | 82.6645 | 1: 1.06 
anic matter. .........| 20.0437 | 14. 8654 | 17. 0893 | 15. 7397 | 16.4453 | I: 1.35 
Silica (SiO,) .......... . OO4I . 0048 . 0069 . 0037 -0040] 1: 1.86 
Ferric and aluminic 
oxids (Fe,0y¢ Al,03) - . 0003 . COSI . 0038 . 0041 . 0032 | I: 17.00 
Calcium oxid (CaO). . . III4 - 1558 . 2244 . 2488 1792 | I: 2.23 
Magnesium oxid (M O).. - 0346 - 0539 . 0642 . 0567 -0557| 1: 1.86 
Sodium oxid (Na,O).....).  . 0171 . 0078 . 0133 . 0158 -0093 | I: 2.19 
Potassium oxid (K,0)...| —. 3883 - 4813 - 5154 - 4846 - 5098 | r: 1.33 
Phosphorus pentoxid 
UREN: Fo utcicdes ce es . 12977 - 1055 . 1078 . IOIO - 1009 | I: 1.27 
Sulphur trioxid (SO,).. . 0228 - 0454 . 0364 . 0246 0281 | r: 1.99 
Jc. | Seer 100. 0000 |100. 0000 |100. 0000 |100. 0000 |100. 0000 |......... 
Crude asht..............., 20200] 3.2490]. 2.28%0 | 1.39790] 4.2175 | 2: 1.35 





TABLE XV.—Percentage composition of ash of samples in Table XIV 














Ratio 
between 
Constitutent. No-€:8. | Nog. | Noor. | Novos. | Novgrs. | minimum 
imum. 
DINED (Sig bosses sens ge ©. 400 0. 420 ©. 540 0. 270 ©. 330] I: 2.00 
Ferric and aluminic 
oxids ake 2 . 030 . 440 . 300 . 300 .260 | 1 : 14. 67 
Calcium oxid (Ca' .| 10.920] 13.560] 17.520] 18.040] 14.720] 1: 1.74 
Magnesium oxid (MgO) -| 3.390 4. 694 5. O13 4. 115 4.578 | 1 D2 48 
Sodium oxid (Na,O)....| 1. 680 . 679 I. 039 I. 145 -764| 1: 2.47 
Potassium oxid (K,0)...} 38.070] 41.892 | 40.241 | 35.140] 41.876] 1: 1.19 
a pentoxid 
0 Serer: 12. 520 g. 184 8. 419 7. 322 8.291 | 1: 1.71 
Sulphur trioxid (SO)... 2. 240 3- 951 2. 840 1. 784 2.305 | 1: 2.21 
Carbon dioxid, not de- 
GUPIINO, 5:20 505 ccedbew st scceupavs ccbews eee tauadepuedamedvabebeeurwaaeseseeans 
MROURE ocices axe be 69.250} 74.820 | 75.912 | 68.116] 73.124]......... 




















In Tables XII and XIV it will be found that the ratio between the 
lowest and the highest result obtained for each of the other mineral 
constituents in the several samples of leaves and stems is more constant 
than it is for the silica, iron, and aluminum. It will further be found 
that the results obtained this year on the different samples corroborate, 
except in one instance, those of 1912 in showing that there is a con- 
centration of all the constituents in the leaf compared with the stem, 
and the exception is that whereas the potassium content of the stem 
in 1912 was greater than in the leaf, this year (1915) it was less in every 
case. 
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In the leaf the silica, sodium, magnesium, and phosphorus are uni- 
formly lower than in 1912 and the organic matter and potassium are 
higher, while the other constituents vary both above and below the 
former results. In the stem, however, the organic matter, sodium, aftd 
phosphorus are lower than formerly and the iron, aluminum, calcium, 
magnesium, potassium, and sulphur are higher, while the silica is variable. 

Another interesting point is that most of the results show that the 
mineral constituents are lower in the leaves of this year (1915) than 
formerly, while in the stem they are higher. 

The ratios of calcium oxid to magnesium oxid and potassium oxid 
to sodium oxid in the leaf and stem below show, as did those of the sap, 
that the former is more constant than the latter (Table XVI). 

TaBLE XVI.—Comparison of ratios of calcium oxid to magnesium oxid and potassium 


oxid to sodium oxid in leaves and stems of young wild-grape vine in the same and in 
different years 








jo of | Ratio of 
calcium t. 
Part and sample No. oxid to voidte 
Magnesium| sodium 
oxid, oxid. 
Leaf: 
Noss fap corbaentneme ck vec cmadgasrilew wena nas ah eh eee Ce Ee: 9.6:1 
Ss sole ak eG oO S acne GAeine BAO OS eee NE SOct} S26 5% 
Ry Me Crea OIL OO AE Maire SNe ee Tee S722) O83 
DUD econo bes Spee is wuea as share. sie naebSG Es ROAR A RRO BSS El B ete 
re ee Cre er ee ee eee re: 42521 80.03% 
Stem: 
| COOL ee Cee TT aR een eee nc | Sa:t i a2.97 3% 
RR Dee et, ace Pere Pe OT) ce ee eae he ec 20°31 Gt.7 3 
ME ersis Nid. ca dns pene US ate on ata a Pib een woes wane Hare BSE i Sao 3s 
SE Beis Sc icc te cee oO RN AC TOC NTO? ROTO SATE) S07 <3 
1) RR SOP ORE at Ree RI On SCORE Econ IO ee OL Cn Sast] Beast 











EXPERIMENTS WITH SUGAR MAPLE 


Having found such a wide variation in the composition of the sap of 
the wild-grape vine, it was thought that it might prove of further in- 
terest to compare the analyses of the sap of the same sugar-maple tree 
(Acer saccharum) collected during two successive years. Accordingly, 
early in 1913 and 1914, just after the sap began to rise, samples were 
collected at the same point on the tree, about 3 feet from the ground. 

Also, for a further comparison, the sap was collected in 1913, just 
after the sap flow commenced, from a water-maple tree (Acer sac- 
charinum) at a point about 10 feet from the ground. 

The results are given in Tables XVII and XVIII. 
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TABLE XVII.—Variation in composition of the sap of the water-maple and sugar-maple 




















trees 
Sugar maple. Ratio 
Constituent. me — age 
No. 776.4 | No. 851.° and 8s5r. 
Lo gl er ert? 98. 2035 | 98.2953] 98.3227] 1: 1.00 
Organic matter... ...........eseceseves 1. 7677 I. 6812 1.6247 | I: .97 
EMI pics nice csners cecasescneues - 0013 . 0016 -Oo1r] 1: .69 
Ferric and aluminic oxids (FeO, + Al; 20s) . OOO! - COO! Glen | ¥¢ 20e8 
Calcium oxid (CaO). . ; ; - 0053 - 0097 0200] I: 2.06 
Magnesium oxid (MgO). Ree scatuwgan eae . 0009 - 0018 -0026] 1: 1.44 
Sodium oxid (Na,O).............000.6. . 0020 - 0004 -0009 | I: 2.25 
Potassium oid (5.0), ..2566secccssenes . o118 . 0084 0178 | I: 2.12 
we ae pentoxid (P,O,)............ . 0023 . 0007 .0o60| 1: 8.57 
or ap telat (SOY)... c oo ks eis weed . 0004 . 0002 . 0033 | 1:16.50 
ES pier sere poe cee et . 0047 . 0006 -c0o8 | x: 1.33 
MOM ai cet OES sees ees 100. OOOO | IO. COCO | 100. 0000 |.......... 
° 

a palenies kee ghed tie heswideea dees celuwes I. 0056 I. 0045 1.0059 | I: I.00 
TORCIOU GR TIAPORRR 6555.5 ose bss cele eee Ad eee eee rere Poe err rr 
MUN OIE oan nidin sc ceatubuucinancwanan . 0296 - 0336 .0678 | 1: 2.02 














@ Collected in 1913 just after the sap flow commenced. ’ 
> Collected in 1914 just after the sap flow commenced, from same point on the same tree as No. 776. 


TABLE XVIII.—Percentage composition of ash of samples in Table XVII 





Sugar maple. 
Ratio be- 
Constituent. ~~ —_ tween Nos. 


No. 776. No. 8sr. | 776 and 85r. 











pe: OUR So see ee 4: 444 4. 868 I. 701 a? 246 
Ferric and aluminic oxids (Fe,0;+Al1,0;) - 506 + 237 - 220 I3 .93 
Calcium oxid (CaO). ........... eee eee 18. 003 28. 864 29. 561 I: I. 02 
Fe samen OU CIOs ioc vecicwceces 2.926 5- 399 3. 893 Bi .98 
Sodium oxid (Na,O).......... errs te 6. 751 I. 241 I. 352 I: 1.09 
Potagar O81 (RAO)... 00.0600 cece sce 39- 945 24. 902 26. 211 I: I. 05 
Phosphorus pentoxid (P,0;)............ 7. 651 2. 079 8. 881 1:4. 27 
Seetnrtae CHIERICE (BOG)... 5.5 6555.5 oie acne s dio 1. 238 518 4. 834 1:9. 33 


Carbon dioxid, not determined......... 


Se Os 

















In Table XVII we find that the calcium, magnesium, sodium, potas- 
sium, phosphorus, and sulphur are much higher in the sugar-maple sap 
in 1914 than in 1913 and the silica is lower, while the water, organic 
matter, iron, and aluminum are about the same in both years. The 
largest varying constituents are sulphur and phosphorus. 

Again, on comparing the sap of the sugar maple with that of the water 
maple, there are found large differences in the calcium, magnesium, 
sodium, potassium, phosphorus, sulphur, and chlorin, while the water, 
organic matter, silica, iron, and aluminum are about the same. 
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The large amount of sodium and chlorin in the sap of the water maple 
may be explained as due to the fact that this tree was located on a city 
lot and may have received sodium chlorid from the drainage, while the 
sugar maple was located in the country. On the other hand, the wild- 
grape vine was also on a city lot, but in a different locality, and its sap did 
not show a large chlorin content; still, this may have been due to the 
difference in the drainage of the two places. 

The differences obtained in the mineral constituents of the several 
samples of sap can not be due altogether to the different moisture con- 
tent of the soil, for the large variations in the ratios of calcium oxid to 
magnesium oxid and potassium oxid to sodium oxid in the tables show 
that it is not a dilution of the sap by the soil water. 

The moisture content of the soil at the time of the sap collection was 
not determined, and, of course, this would be influenced by several fac- 
tors, such as temperature, rainfall, sunshine, and wind at that period. 
Taking into account the rainfall alone will not explain the differences 
obtained, as will be seen from Table XIX. 


TABLE XIX.—Rainfall in inches during four successive years 








Month. 1912. 1913. 1914. 191s. 








DI oy Sinids.< io sa neowennaclun ie snG katona 1. 78 10. 35 2. 50 4. 38 
co cn EORTC COL ELSE ae | 2. 50 2. OI 3. 87 I. 12 
Bierce cise soo0Gcaaw scsi sguncd tage oe | 4. 36 6. 04 2. 24 I. 49 
Pe vices isc ios bee canoes A | 6.89 2. 41 2. 23 - 65 











During the spring of this year (1915) there was less rainfall in this 
vicinity than for years, and there is no doubt that the moisture content 
of the soil at the time of the sap collection in 1915 was considerably lower 
than it was the three preceding years. If the results are to be explained 
from the dilution standpoint, then those of Nos. 285 and goo in Table VII 
should be in harmony with what has just been stated, while, as a matter 
of fact, they are contradictory, except for one constituent. 

The foregoing results show that the sap has a variable mineral compo- 
sition which later on influences the structure of the growing parts, and 
this undoubtedly explains the differences in composition of the same and 
different varieties of plants. 

SUMMARY 


(1) There is considerable variation in the composition of the sap of the 
wild-grape vine when collected at the same time from two different 
points. This has been the case for two seasons. 

(2) Large differences in the composition of this sap were found when 
it was collected at the same point on the vine at different times during 
the same season. The minerals in the sap are higher at the end of the 
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sap flow than at the beginning. This has also been proved for two 
seasons. 

(3) The widest variations in the composition of this sap were found 
when it was collected at the same point on a main branch of the vine at 
the beginning of the sap flow during four successive years. The periodic 
loss of sap greatly weakened this branch, and there was also a steady 
decline in the mineral components of the sap taken from it, particularly 
potassium and phosphorus. 

(4) There was found a considerable variation occurring daily in the 
composition of this sap. The mineral constituents were generally higher 
during the day and the sap had a more uniform composition during the 
night. 

(5) The young leaves and stems of this vine at the same stage of growth 
were also found to vary considerably in composition during different 
years and also in the same season. 

(6) The sap of the same sugar-maple tree was found to vary widely 
in composition when collected at the same point on the tree during two 
successive years just after the sap flow had commenced. 

(7) The mineral composition of the sap of the water-maple tree was 
found to be different from that of the sugar maple. 

(8) The ratios of calcium oxid to magnesium oxid and potassium oxid 
to sodium oxid, together with other factors, demonstrate that the differ- 
ences in composition can not be altogether explained as being due to a 
dilution of the sap from the water in the soil. 

(9) It has been shown that the sap has a variable mineral composition 
which influences the structure of the growing parts and undoubtedly 
explains the differences in composition of the same and different varieties 


of plants. 
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